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SUMMARYPROJECT SCHEDULE

Introduction: The Storable Tug Project schedule was

developed to identify the principal project phases and

to establish schedule estimates for all hardware and soft

ware elements in accordance with the Space Tug Work Break-
down Structure.

_le Tug Project Schedule depicts major program milestones

and presents project activities at level 5 of the WBS. _lls

schedule establishes the plannlng baseline for development

of the Storable Tug System through design, development,

manufacturing, ground test_ flight test and operations. It

integrates all supporting schedules into an overall project

level plan and establishes the sequence and interdependency

of activities and events required for the development of an

operational Space Tug System.

Groundrules al,d Assump._io__n_ss: Foll_aing are the ground rules

and assumptions used for idevelopment of the Storable Tug

Project Schedule :

o ATP is October 1975 at the earliest for Options L and 3.

.ATP for Option 2 to be determined by the contractor.

o Schedule planning is designed to minimize peak annual

funding during DDT&E.

o Main Stage DDT&E requirements consist of the foll_aing

major test articles:

- A structural test article (STA) for dynamic, static

and fatigue tests.

A main propulsion test vehicle (PTV). Following the

completion of live propellant testing the PTV will be

refurbished and delivered as an operational flight
vehicle.

- one shipset of Avionics hardware for the Integrated

Avionics Test (IAT).

- A fligilt test vehicle (MS-l).

o Operational fleet sizes for each project option are b_sed

on a study of traffic captllre models.
i

o Production rate of vehicles is based on avoiding dupllc-

atlon of major str1_ctural assembly tooling and minlmlzt,lg

gaps in manufacturing fl_a.



f

Initi_l operational capability (IOC) is achieved after

completion of one test flight (FOF). IOC dates are as

foll_s :

Option I - Deceml>er 1979

Option 2 - December 1983

Option 3 - December 1979 - initial, December 1983 -

evolved.

o Maximum number of flights in 1980 is 3, based on the
Shuttle traffic model.

A_roach: Based on the above groundrule9 and ass-mptlons

a preli_ninary project milestone schedt, le was developed to

form a baseline for all detail scheduling. Detailed s_Ib-

system design and development schedules, manufacturing and

factory checkout flows, vehicle test, GSE, facilities, and

SR&T Schedules were then developed in conjunction with

personnel representing the cognizant management and tech-

nical disciplines. _lese detailed schedules were then s,,mm-

arized and integrated into the Tug Project Schedule thro,,gh

the process of establishing a logical and achievable rel at-

Ionship between the engineering design and development

process 9 procurement of subcontract equipment, hardware fab-

rication and assembly process and the vehicle test program

that minimizes risks and ensures the fulfillment of progr,m

objectives. Finally, the major project milestones and act-

ivities presented [n the Tug Project Schedule were condensed

into the Summary Project Schedule.
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DEVELOPMENT SCHEDULES

PRODUCTION SCHEDULES

The detailed Project Schedule depicts the total develop-

ment and production phases for tile Haln Stage and the

Auxiliary Stage(s). Tile detailed Project Schedule is

based on a constraint logic that considers overall

program objectives and the detailed interaction of

constraints on significant program activities. It

provides reasonable margins for development problems and

minimizes program front-loading.

The detailed Subsystem Schedules provide an order of

magnitude increase in detail from the Project Schedule and

depict the subsystem activities in both Inhouse and

subcontractor areas. Subsystem schedule information is

presented at WBS level 6 for Structures_ Thermal Control

and Orbiter Interface, and at WBS level 7 for Propulsion

end Avionics subsystems.

-9. _-5
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8. I. 4 OPERATIONS SCHEDULE

8.1.5

Scheduled and planned for concept 310-3A/310RE-3A,

option 3 are 37 launches per year with i0 days between

launches. Ground servicing as shown on the program-

matics/cost operations schedule from land to launch

is I0 Tug work days and 9 Tug/orbiter work days.

FACILITIES SCHEDULE

Included in the storable space tug facilities schedule

for concept 310-3A/310RE-3A are the various tasks to

be completed against major program milestones. The

fundamental grouping of these tasks are manufacturing,

test, maintenance and refurb-ETR, ETR launch, mainten-

ance and refurb-WTR and WTR launch. Under this Tug

concept facilities maintenance extends into 1991, with

most of design/construction/activation ending by 1982

in support of WTR launch requirements.

W



r

<t--

<i--- <

_ <t---,
8 _

_ "-,1
"" <t--

//

//

/ f

//

\\

\\

\N
N,'N

x\-,

<_

//

\

\xl

//

t'/z"

E_

• i

/i

/J

f/

//

fi

/J

i i

It
ii
//

\"

L "\'xl

,"2!

-. \1

\\1

f/l

I//

. \

\: D
\.

N:,

x)
,\

<

,\

, \

• .\

"//

//
//
//
//

/Z

///

\\

N%I

.x,.N.

| i

a

-4

/Z/@/ 1_.

//

// _ I,-,__
// "_ I"'_,_

_ _1_

.... _,__



STOI',qSLE 3F/?CE ?'U_" - f, CCILIT/EJ" SC//L-OL/LE- _O/VCEFf

PROGRAM

SCHEDULE
&

MILESTONES

/_T -

1973

I 1977

I

Tu <_

V

3/_-3/?+l/_/O_E-q/?

FY 1_1 _1 ]

_- _.i- _



8.1.6 EVALUATION OF MAJOR SCHEDULE DRIVERS

310-3A/3 IORE-3A

The critical path for this option involves the Class I

main engine development, preliminary flight certification

(PFR) and delivery of the first flight engine for the

Main Stage (MS-l). The main engine ATP being constrained

by the October 1975 groundrule (defined in Section 8.1.1),

would not allow us the option of advancing the main engine

development as exercised under 410AD-2. As a result, the

first flight test engine will be delivered 5 months later

than required for our Main Stage flight vehicle flow

resulting in out-of-statlon installation and the addition

of Cold Flow II checkout.

The Main Stage production is presented in 3 lots based on

a compromise between the traffic model requirements and

the desireability of having a continuous manufacturing flow.

Lot 1 consists of 4 vehicles which will satisfy the mission

requirements for the initial phase of operations (1980-1983).

Lot 2 consists of 5 vehicles manufactured for the initial

(deploy only) capability and will subsequently be upgraded

as the evolved (retrieval) hardware becomes available.

Lot 3 consists of 13 vehicles manufactured to the evolved

configuration, with Main Stage production ending in

February 1987.

Development of the Retrieval Delay Module starts in 1980

for the November 1983 test flight with the evolved Main

Stage.
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8.1.8 D0D VS NASA SCHEDULES

Phasing of the D0D acquisition process as defined in

AFSCP800-4 differs from the NASA acquisition approach
as indicated below:

DOD NAS_..._A

Conceptual Phase

Validation Phase

Full ScaleDevelopment Phase)

Production Phase )

Deployment Phase )

Phase A

Phase B

Phase C/D

3 I0-3A/310RE-3A

The rationale for initial differencies between the DOD

and NASA schedules is similar to the IIOA-I discussed

above. Three vehlcles are required for Initial Tug

_flight test and for payload missions during the 1980-

1983 period. Production contract award is scheduled

3 months after the completion of test flight no. 3.

Flight test of the Evolved Tug is accomplished with

vehicles upgraded from the initial configuration.

Production Go-Ahead will follow the flight test as in

the initial configuration. The availability of prod-

uction vehicles is accelerated a few months by utilizing

early funding for long lead items.



|

!

i o

Go(z



..... ° ............

8.2 VEHICLE TEST PROGRAM (310-3A/SIORE-BA)

8.2.0 Test Stmm_ry

The approach used to developing the Vehicle Test Program

for the 310-SA/31ORE-SA configuration is basically the same

as described in Part I, paragraph 8.2.1. The addition of a

Retrieval Delay Module, _ retrieval electronics and level

IIB autonomy to the Tug program for the 310RE-SA configura-

tion will also be verified in both the ground and flight test

programs.

Table 8.2"-1 summarizes the design verification approach in

terms of test verification requirements and method of require-

ment satisfaction. Figure 8.2-I presents a stumnary schedule

of the total vehicle test program.

8.2.1 Ground Test Articles - Type and Description

8.2.1.1 Propulsion Test Ve_Aicle (PTV)

The PTV for the 310-SA/SIORE-SA is the same as described in

Part I, paragraph 8.2.1.1.

8.2.1.2 Structural Test Articles (STA)

The structural test article (STA) for this configuration con-

sists of two major assemblies which are tested, as described

in PartII, para. 8.2.1.2.

o Main Stage (IOC 12/79)

o Retrieval Delay Module (IOC 12/83)

8.2.1.2.1 Main Stage Structural Test Article

The description of the main stage STA is the same as that
described in Part ll,paragraph 8.2.1.2.1.

8.2.1.2.2 ,Retrieval Delay Module (RDM)

The (RI_) is approximately 3 feet long by 12 feet in diameter,
The RDM-STA has

mass simulated equipment for d_c test purposes and will

require approximately 50 strain gages and 20 dynamic sensors.

@
/
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8.2.1.3.2

8.2.1.4

Integrated Avionics Testing

Main Stage (MS) Integrated Avionics Hardware & Software
Test Facilities

Integrated avionics hardware and software testing for the

310-3A basic vehicle will be accomplished using an IAT &

ASDL facility as described in Part I, paragraph 8.2.1.3.1.

As the retrieval capability and autonomy level lib is incor-

porated into the MS avionics, the IAT facility and the ASDL

will be modified to reflect these changes. The IAT and ASDL

will be used for hardware and software verification of the re-

trieval capability including mission simulations.

Retrieval Delay Module (RDM)

Integrate d avionics hardware testing for the Retrieval Delay

Module will be acco_aplished in the IAT and ASDL facilities

developed for the main stage.

A breadboard of the RDM wiring, RDM avionics hardware, and the

RII_ avionics GSE will be integrated and tested in the same

facility as the main stage IAT to permit cQmmon usage of facility
test equipment.

A software model of the RI_ mission and dynamics will be in-

tegrated into the MS ASDL for Main Stage RDM mission software

development and mission support.

Mockups

In addition to the mockups described in Part I, paragraph
8.2.1.4 mockups of the RI_ will be required for this configura-
tion.

Fli6ht Test Articles

Main Stage (_)

The main stage (MS) fiight test article for the 310-3A

configuration will be the same as described in Part I,
paragraph 8.2.2.1.

The main stage flight test article for the 310RE-3A configura-

tion will be the first production - configured vehicle with

retrieval capability. A DFI system will be installed.



8.2.2.2 Retrieval Delay Module

@

8.2.3

8.2.3.1

8.2.3.2.2

The Retrieval Delay Module (RDM) will be the first production

configured REM with a DFI system added. Since the RDM opera-

tional mode requires the MS to have retrieval capability it

will be tested in late 1983 with the FOF of the 310RE-3A MS.

Ground Test Program

This section describes the major elements of the vehicle

ground test program. The test programs described in the
following paragraphs include the Propulsion Test Vehicle (PTV),

Structural Test Article (STA), Integrated Avionics Testing

including software development, and mockups required in support

of program requirements.

Propulsion Test Vehicle (PYV) Program

The Main Propulsic_ System and Auxiliary Propulsion System

Test program for the 310-3A configuration is the same as
described in part I, paragraph 8.2.3.1. There is no signifi-

cant change in the APS test program because of the additional

APS thrusters for the 310RE-SA configuration.

The manloading and schedule for the PTV test program as shown

in Figure 8.2-2.

Structural Test Article (STA) Program

Main Stage (FH)

The MS structural test program for the 310-3A/310RE-3A con-

figuration is as described in PartlI, paragraph 8.2.3.2.1.

The manloading and test schedule for the 310-BA/31ORE-3A

configuration is the same as shown in Part X, figure 8.2-3
with the start and end dates shifted three months later.

Retrieval Delay Module Structural Test Article Program

The structural test program for the retrieval delay module

(RDM) is reduced from that of the k_c k stages in that vibra-
tion mode survey is not required. Due to its small size, mass

and structural simplicity the static tests provide adequate

verification of the dynamic analysis. In other respects the

test philosophy is the same as described in part I, paragraph

8.2.3.2.l

Due to the reduced scope of the REM test program as compared

to kick stages, a new schedule and manloading is presented

in Figure 8.2-3.
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8.2.3.3.2

8.2.3.4

Integrated Avionics Test Program

Main Stage (MS) Avionics Hardware and Software Integrated
Avionics

The integrated avionics test philosophy and test program for

the 310-3A/310RE-3A configuration is basically the same as

described in Part l, paragraph 8.2.3.3.1. All hardware_

software) test procedure) and GSE will be verified using an

IAT facility and/or ASDL prior to entry into the flight

vehicle flow. The evolution of level liB autonomy and re-

trieval capability will be incorporated and verified in the

IAT facility and ASDL prior to incorporation the flight

vehicle. At the completion of system hardware/software ver-

Iflcation_ mission simulation will be performed for the

evolved MS in the IAT facility.

The test phases for the 310-3A/310RE-3A manpower and schedule

are shown in Figure 8.2-4.

In addition to the IAT for the 310-3A/310RE-3A configuration

an integrated fuel cell/reactant tank systems test will be

performed at the fuel cell subcontractor to verify system

energy capacity.

Retrieval Delay Module (RDM)

The RDM avionics test philosophy is the same as for the main

stage. A RDM breadboard will be integrated and GSE, test

procedures and functional operation verified. Main stage

software for RDM mission _rill be developed in the ASDL and

verified in the main stage IAT.

A RDM antenna pattern test will be performed since the RDM

will contain a complete communications system.

The schedule of RDM avionics testing is shc_#n in Figure 8.2-4.

Mockups

Mockups will be used throughout the MS and RDM development

stage as described in Part I, paragraph 8.2.3.4. In addition

the STA will be usud for launch operations checkout as des-

cribed for the IIOA configuration.

Flight Test Prograrl

Flight Vehicle Test and Checkout

The philosophy and objectives of the Flight Vehicle Test

and checkout program are the same as described in Part I,

paragraph8.2.4.1.

The factory testing of the first 310-3A contains the same

basic tests as described in Part I) paragraph 8.2.4.1 except

that ft_pl c_11 tests are reoulred and late engine delivery





8.2.4.2

8.2.5

8.2.6

necessitates performing portions of the MPS fluid tests

after subsystem build-up.

The facility and equipment requirements are basically the

same as described in Part I, except that fuel cell GSE is

required in the HPTF for this vehicle.

Test schedules and manpower requirements are presented for

the basic 310-3A vehicle in Figures 8.2-5 and 8.2-6, and

for the retrieval delay module in Figures 8.2-7 and 8.2-8.

Flight Test

The main stage (MS) flight test program for the 310-3A con-

figuration is the same as described in Part I, paragraph 8.2..

There will be a total of eight flights for the 310-3A/310RE

configuration from which flight test data will be obtained.

Five data flights are planned for the initial configuration

and three for the evolved configuration. A DFI system will be

installed on the MS and/or RDM during the flight test program

The first orbital flight (FOF) will be a dedicated flight

test deploying a dummy payload.

Flight Test data will be obtained during the followlng

operational flights

(3) Single. payload deploy

(I). Multi payload deploy

(I) Retrieval demonstration

(I) Round Trip

(I) Retrieval delay

The retrieval demonstration uses the RDM as a target vehicle.

The Shuttle will deploy the RDM and its performance will be

evaluated while it is free flying in the vicinity of the

Shuttle. When the Tug returns to the vicinity of the Orbiter

it will demonstrate the retrieval capability by retrieving

the deployed RDM.

The flight test schedule and test costs for this configurat-
ion are sheen in Figure 8.2-9.

Impact of a Two Year lOC Delay

A two year delay of IOC for the 310-3A/310RE-3A configuratior

with an identical delay in the ATP of the program,will not

impact the Vehicle Test Program other than merely starting

the program two years later.

Analysls of the Test Program

O
2Z?'-g.a-/o
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8.2.6.1 Key Elegents

The analyses of the key elements of the test program for

the basic 310-3A configuration are the same as described in

Part I, paragraph 8.2.6.1. Specifically the test program key

elements and the new issues arising out of the evolved

310RE-3A configuration are as follows:

0 No System Level Hot Firing Tests

The analysis is the same as described in Part I.

o _namie Static and Fatigue Tests performed on a single STA

The analysis is the same as described in Part I.

O Use of a single STA program to cover both the basic and

evolved configurations.

_le STAwill be configured to include the structure hard

points for the retrieval avionics and mechanical inter-

faces. _ae test program will include the projected mass

simulation for the evolved hardware daring dynamic tests

and the projected loading for static and fatigue tests. By

enveloping the basic and evolved designs in a single STA

program both designs will be verified minimizing test

program costs.

o InteErated Avionics Testing is accomplished in two

separate ye t complementary facilities

O

The basic analysis is the same as described in Part I.

In addition the IAT and ASDL facilities for this config-

uration will be used for verification and mission simul-

ations for the incorporation of rendezvous radar, retrieval

electronics and level llb autonomy during transition from

the 310-3A to 310RE-3A configurations.

One dedicated Flight test miulmfzes risk of losing Tug/

Payload

_e Main Stage (MS) flight test program for the 310-3A

configuration will be the same as described in Part I, p_r-

agraph 8.2.6.1 providing only a single dedicated test flight

_le Retrieval _ lay Module (_M) and MS retrieval capabil-

ity will be demonstrated as _t of a deploy only operat-

ional mission and will not re_ire a separate dedicated

flight test program. Since the basic Tug functional oper-

ation will have been fully dev_loped by the time the RDM and

retrieval capability is ready to be tested_and the test will

be conducted within shuttle retrieval range_this approach

offers the advantage of minimum risk at minimum test cost.



8.2.6.2

8.2.6.3

8.2.6.4

SP,&T Assumptions

_e basic assumption for the 310-3A/310RE-3A SR&T require-

ments are described in Part I, paragraph 8.2.6.2. SR&T

requirements, test programs affected and a brief description

of the interaction with the test programs affected is summ-

arized in Table 8.2-2.

Reusability Demonstration

Reusability demonstrations for the 310-3A/310RE-3A are the

same as described in Part I, paragraph 8.2.6.3.

Life Verification Tests

_he life verification test requirements for the 310-3A/

310RE-3A are the same as described in Part I paragraph

8.2.6,3
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Facilities Plan - Option 3A - Concept 310-3A/310 RE-3A

Manufacturing Facility

Same as concept IIOA-I except 25,400 sq. ft. of floor space is required

for fabrication and assembly of the TUG.

8.3.2 Test Facilities

Same as concept IIOA-I.

8.3.3 Operations Facilities

Same as concept IIOA-I except TUG Maintenance Facility at ETR will have

4 horizontal stations in a 12,000 sq. ft. addition to the Shuttle OMS Facility.

The Kickstage SRM Processing Facility is not required.

8.3.4 Impact of 2 Year IOC Delay

Same as concept IIOA-I except expenditure of $3.7 million of facility

DDT & E costs can be delayed for 2 years.

@
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8.4 Vehicle Manufacturing

_,is section establishes the manufacturing requirements for 310A-3A/310RE-3A

s_acecraft including the assembly sequence, tooling, schedule, manufacturing test,

special processes and facilities.

The 310A-3A spacecraft consists of a main stage and a Retrieval Delay Module

(RDM), which is phased-in for the evolved configuration (310RE-3A). The main

stage is essentially the same as the 410AD-2 configuration. _le RDM is a short

(2?") element added between the payload and the main stage which contains docking

provisions and GN&C, communications, data management, APS and EPS equipment.

8.4.1 Plan/Fl_/Time

The manufacturin$ sequence is identical to configuration 410AD-2 discussed

in Part II section 8.4.1. The manufacturing flow and master schedule are sh_n

in figures 8.4-1 and 8.4-2 respectively.

8.4°2 Tooling Requirements (including GSE)

See Part II section 8.4.2

8.4.3 Facility Requirements

See Part II section 8.4.3

8.4.4 Special Requirements

See Part II section 8.4.4

8.4.5 Summary Analysis/Philosophy

See Part II section 8.4.5

8.4.6 GSE Requirements

Sea Part I section 8.4.7

V
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8.6 COST DATA

Included iu this section are the cost data for an evolved tug con-

figuration 310-SA--31ORE-BA. Cost data are provided for the initial

program 310-BA and the combined total evolved program.

Initial Program 310-3A

o Storable Space Tug System Project Expected Cost-Spares

Cost (INT & OPS)-F_rst Unit Cost (Data Forms A%2 and 3,
subparagraph No's 8.6.1, 8.6.2 and 8.6.3) (Computer P/O)

O

O

Storable Space Tug Funding Schedules-DDT & E, Production

and Operations (Data Form C, subparagraph 8._.4, 8.6.5,

8.6.6 aud 8.6.7. )

First Unit Production Cost per WBS (including Avionics

to level 7) Main Stage and Auxiliary Stage(s), (sub-

paragraph 8.6.8)

@

o Form B (Technical Characteristics subparagraph 8.6.11)

Combined Evolved Program 310-BA/SIORE-BA

o Same as initial program plus :

O

O

Average Cost/Flight (subparagraph 8.6.9)

Storable Space Tug System Project Cost Estimate

data by SOW-DDT & E, Production and Operations

(Data Form T (SOW'S) subparagraph 8.6.10)

@



EVOLVED TUG

CONCEPT 310-3A (INITIAL)

OPTION 3
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DEFINITION OF SPREAD

FUNCTION COIES

IEFINITION

4 Beta Distribution - A = 0.79, B = O.15

Peak Funding occurs at 28.0% of Time,

73.0% of Dollars consumed at 50% of

Time.

Beta Distribution - A = 0.68, B = 0.17

Peak Funding occurs at 30.0% of Time,

67.0% of Dollars consumed at 50% of

Time.

9 Beta Distribution - A = 0.55, B = 0.05

Peak Funding occurs at 34.0% of Time,

55.0% of Dollars consumed at 50% of

Time.

II Beta Distribution - A = 0.58, B = 0.38

Peak Funding occurs at 34.0% of Time,

67.0% of Dol]ars consumed at 50% of

Time.

16 Beta Distribution - A = 0.47, B = 0.21

Peak Funding occurs at 40.0% of Time,

55.0% of Dollars consumed at 50_ of

Time.

26 Beta Distribution - A = 0.16, B = 0.45

Peak Fundinb occurs at 58.0% of Time,

43.0_ of Dollars consumed at 50% of

Time.
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CONCEPT 310-3A/31ORE-3A (COMBINED)

OPTION 3
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DEFINITION OF SPREAD

FUNCTION C'Qi]E S

DEFINITION

Beta Distribution - A = 0.79, B = 0.15

Peak Funding occurs at 28.0% of Time,

73.04 of Dollars consumed at 50% of

Time.

Beta DisC ribution - A = 0.68, B = 0.17

Peak Funding occurs at 30.0% of Time,

67.O_ of Dollars consumed at 50% of

Time.

Beta Distribution - A = 0.55, B = 0.05

Peak Funding occurs ab 34.0% of Time,

55.0% of Dollars consumed at 50% of

Time.

Beta Distribubion - A = 0.58, B = 0.38

Peak Funding occurs at 34.0% of Time,

67.0% of Dollars consumed at 50% of

Time.

Beta Disbribution - A = 0.47, B = 0.21

Peak Funding occurs ab 40.0% of Time,

55.0% of Dollars consumed at 50_ of

Time.

Beta Distribution - A = 0.]6, B = 0.45

Peak Fundinlj occurs at 58.0% of Time,

43.0% of Dollars consumed at 50% of

Time-.
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8.7 FLIGHT SCHEDULE

Included in support of our flight schedule definition

for concept 310-3A/310RE-3A are the following tables:

o Fleet Size & Vehicle Usage

o Flight Element Requirements

o Payload Flown

o 310-3A/310RE-3A Flight Operations Buildup

o Programmatic Data Sun_nary Storable Tug Concept

310-3A/310RE-3A

O
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8. 9 Risk Assessment

In making an assessment of the risk associated with each configuration Jn

each capability option we have considered the type of technology items associated

w_th each vehicle and the impact that it wonld have on the program if, for one

reason or another, the item would be unavailable and an alternative solution wo,11d

be required. The impact is defined, usually, in terms of added weight, lost per-

folTn_ce and total program cost increase] in some cases the _mpact can be decreased

weight or reduced cost.

It is assumed that all of the weight increases and all of the cost Increases

will occur simultaneously without benefit of any offsetting decreases in eitbnr

weight or cost. For example in configuration IIOA-I we have assumed that the +h lb.

weight inqJact of abc_ndonir__ spun ahm_imu, tanks in favor of welded alllmin,,m t.nT_ks

is combJued with a $i0.0 million cost increase as a result of abandoning al_m,in,-,!

tanks Jn favor of titanium tanks due to materials compatibility or fract!ire meet-nit
issues.

Taking the summation of all the weight increases, these are converted to cost,'

by using the $75K/lb. figure derived when we were first selecting subsyst_n opt:ion,-

for incorporation with llOA-1. The $7):i/lb. number represents the last step

(8_tually the slope of the line) in our subsystems synthesis process which provides

a curve of /_ weight versus £% total program costs as we added lighter and me,re

costly subsystems options to achieve a behicle with 3500 lb. deploy capabil_f;y. In

this manner we arrived at a estimate of the costs expected if we had to recover hh _

weight growth.

In similar fashion we then summed all of the potential cost increases, _gnorl

any offsetting cost decreases, and added these to the dollars representing the we_:

increases. The llOA-i has no projected performance loss since it uses the O_.il_7.5K

engine; the assumption is that the basic 0_9] will have been developed to meet its

weight; performance and reusability goals for the Shuttle Orbiter. In the caqe of

conf_g_rations which use the Class I engine, for example hlOAD-2, we have as_,mod

that a 3 second Isp performance loss is possible. To convert this perfo,_once loss

to costs we use the payload sensitivity factor to loss in Isp (97 ]bs/so.'). dlv_de

this by the payload sensiti_rity to inert weight and then multiply by :_ll]/]b. to

convert it to costs.

Taking all of the costs and adding them together we get a total Ic_, coat risl'.

value of $15.3M for IIOA-I which ranges to a high value of 9h.3M for 32OA-BA/

32OA_-3A.

%9-/



8.10 RISK ASSESSMENT (continued)

Where no suitable alternative exists (for example the Class I engine,
or the laser radar, or the Space Storable SRM) we have identified that

item as both a cost and a schedule risk without attempting to quantify

the risk. In general, we are relying on the successful cumpletion of

the proposed SR&_ programs to reduce or eliminate the risk of schedule

slippage.

Taking configuration IIOA as an example:

IIOA-I: This is an extremely low risk program with only two items

representing a technical risk, the spun-form aluminum tanks and the
prestressed filament reinforced (FFR) helium tanks. Both of these

items are low ri_k and both have suitable, low risk alternatives
available. /

/

The incorporation of separate tanks (rather than the nested t_ks

used in the other configuration_ further reduces the risk associated

with this configuration. Level Ill (rather than Level liB) autoncm_

also reduces the risk since there is no reliance on the 621B Navigation

Satellite program. The C_E 7.5K engine is the lowest risk engine

program available, so its use on IIOA-I further reduces risk. The use

of scaled-up LM batteries rather than fuel cells with their associated

cryogenic storage tanks and valves is again the lowest risk approach

available for providing electrical power. The all-al_ structure

is the lowest cost/lowest risk approach available. The short mission

duration (34 hours) eliminates the need for multi-layer insulation

(MLI) on most of the external surfaces there minimizing the risk of

damage to the MLI during vehicle ground operations.

Since the llOA-i does not have to c_unicate with payloads it h_s the

the lowest risk communications equipment, a dedicated frequency station,

to develop. Although our current approach includes making the co_nunica-

tions equipment ccmpatible with the NASA Tracking and Data Relay

Satellite System (TDRSS) an option which can further reduce risk, is to

eliminate the requirement for this equipment to meet the spread spectrum

and CCIR interference requirements associated with TII_SS. The modifica-

tions of an existing IMU (the Carousel VB) and an existing computer

(the CDC 469 ) are again the lowest risk approach identified in the GN&C
and _M_ areas.

Although the use of an apogee kick stage (AKS) to deploy heavier pay-

loads reduces the sensitivity of the configuration to inert weight

growth or Isp loss, it does add complication to flight operations, in-
creasing risk. Elimination of the AKS can further reduce the risk of

this configuration.

@
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Section 8.10 Supporting Research and Technology

This section includes a summary matrix chart which identifies all of the

SR & T items and where they are applied to each configuration in each capability

option.

Following the summary matrix there are individual tables for each configura-

tion which s_mmarize the technology items for that particular configuration and

give a very brief synopsis of the type of SR & T program proposed and the estimated

funding and schedule requirements. The text following each table is the facing

page text prepared for the main presentation.

Following the tables for each configuration, an additional form is filled out

for each technology item providing status information, justification for the pro-

posed SR & T program, objectives, technical approach, and a more detailed schedule

showing when the proposed program must be completed in order to support the parti-

cular configuration.

In dealing with the subject of SR & T we have identified two distinct groups -

one where technology is needed and the other where there is no doubt that the

technology is available and it is a straightforward engineering task to accumulate
data that will preclude making a "false start" where several alternates are under

study; we have called the latter group "desired data".

The storable Tug will benefit from the fact that the APOLLO LMprogram has

usedsimilar materials, propellants, equipments and_rocedures; the Shuttle

Orbiter will expand on this data base for the Tug. The low number of identified

SR & T items and the modestsums projected are based on the assumption that several

existing or planned efforts related to the Shuttle will continue to provide data.

These include the planned propellant and materials compatibility testing in support

of the Shuttle Orbital _._neuverir_ Subsystem, its engzines, tanks and components

both at NASA/WSTF and at the Shuttle contractor's facilities. In addition, we have

identified the Air Force funded efforts to develop the advanced Micron IMU for

aircraft programs,as an effort which we would build-on rather than to start from
scratch.

We have not attempted to detail the SR & T programs required on the Class I

engine (with or without the two position nozzle) except to point out the uncer-

tainty associated with the anticipated engine life and the predicted perfol_ance

of very high expansion ratios within the mixture ratio of interest. The engine

contractor will provide the proposed SR & T efforts required on the engine

and we will provide c_mments on same at N_SA's request.

The overall "message" which we hope will become obvious to the reader is

that there are no real "show-stoppers" among the SR & T items identified.



Ill i

C_ j
Dml

I--I

X

E-I

w4

i-4

°

f.T.1

I-4 r_ _



!,i
0

0

g=l

0

u_

I-4

_ _o _5
1"-4

'_! I-'-11"-4

o __o_ o

I--4

r_

r_

O

o_
r._H

g_ O _'_ O

O OJ O

I-4
_3_n

°_

O_

_o_

H

_D

I-4

o

O
Od

I-4

E_

_4

_3

o0_
E-_O
e O

o0o_

_J
OdO

E-_

t_

O

0

0,---I
,,,-4

',D

_g

!

0,11--4

H

I-I

0
_-_ _--_

o_

E--4

E.-t O r-_
• E-'_ r-_

g
,--I

[--t

II

v



0
_- f.,o-Y



V

J

U

(



F

or41

o

¢D

o
,r4

c
o

Lq

m _O O O O
•-I O _0 -?

•_ o
¢,_ ,c,

_c

o
F"

N

o
F-

_C

u"

_t

(3"
,-I

rn

¢D

_5

¢n

o

_-r

i

o....I" !

f

! ;

o

!

I
!

i I :

B

I

! i

¢'3
O
!
O

<]¢v3

¢n o

c" - oJ-

,_ r-_

_0
_--

u'_ O
b.- _--

'__N

rl

b-

_ .< _-
_ A

,M

O
o

: I

;i

/

bO

4_

o
o

ID
,o

O

.O

O
I.-4 _

-_ 13., ¢D

J



@

0
0
0

u_

i
I

I



0

_

:o
",.1"
"0

!

:g
• !
"0
C_

• i

._1°

0
I,,.,,.I

0
P_

•;, -_.._

D! u

0"
t-
O"

cO

t"-

C_
r-t

r-t

r.:.l¸

-E..1

It, O_
;._1 r-I

r._

H

,.-,, D--
c_ Cr_

i"-I

¢0

N
M

gl

-<_
r.._.

I-

E_

r_

°.

_o_ -_-
__ [-I

Ii- 

c_
P_

CO _j
Pq I-_

oe_
_o Q;

• J 0 m

L'-
L'-

t'-

rl

.o,

L._J:

{31

f°.

rJ}

0=o

o. ° o_.1 o0
f,.. u'_ c_l

I'I

!
.I

oolo1o.

 ioIoo
!

• I

Nlr__!_4- i

0
0
0

0
0
0

rJ_

0

o=

0
I-4 _.)

_!_
0 _:_

E-_

_,_

...... __; =.--.... _:- ,,_ .. _=____ ....



v

t_
!

P-,

I

r_

,%

i

¢1

Ig,
I

o

II

_A
t

_ ._ •

•,-4 _ I,_
0.,-i

_ :_ 0

_ 0 ¢_ 0

'_ eO °
I--I

I._ •

-°

I_°

0

00_o

&dA

!-.4

-r-I

0 0
0
,._ _._

0

4_

o.

,,-t

a
e,l

_ H

i

1
r



f
,L ,

_r_ _- E4--

__l"a
a)

rt

° ..

c_

co

I

I

: o

I

I

i l,i_

!°i

= _._;_

_-,. C_.I _.,. _

o _ _: _',_
_ _.,.'_ _._I

°

.p
o

• o_

/-I

_-_ o
H

co i_3

I_ I--I

o
c-_ H



0

t

_!_ _

_I_ _ _ _

• _ o

t_ _ o

° "
o

_1 _° _°__

,, _ _°

"1
I-,.I

4o
0
0

e_

4_

o

P_

g
vl

'./!

H

o

h

O,-4

_g,o

_.

°_.

_),_ 4_'

,o._o

g_ -
0 c_ _ "

._J
0 • 0

g

4_
0

0

0
,-I

m _

E-_ e-I

•_ 0

o

/

J/ o

,-I

_1_

88

¢_ I-!

_ I_ .

_1

cv.I
I

_1
r-II

I

O--t-I
r-tl

o._

rt

r21_

c_

_.=_

c3
0i

CI

.C "I

:, %

i _ _

°:. ,. ,,
_...":.

!

i

:i

:!

.!

.,

2

!

.+

q ,

........ _r



0

: I
|, I

"--i I_
F--I -'-_

.I i I__.i_-
17 L'.-I .

i

!

i
'7-

ii
i 1

I i '

i !
@

l
!
!

I

co

/

._-_I

°!_1°l

1
i

I;)

!
(

I

--. .-I

_8
I-4 0

f,..1

_t_ _
_1_
_1_ o-,
_1 ¢.,_

_1_ _

A

;!

Ol

g;

i"

I:
.°

.I

o,

-o

!

.q

L
r.

I"

i:

-i

i-

!:
°

° t"

ol

(

).

J

_2



0

4)

r-I _)

_o

_) r..4

,-4

._14J

_(_

C_
O4

0 0

0

co._

0

0

0

U

.,4
_J t_

_o_
_ _O

0,-.4

B

H

4_

I

w _

o _

e,l
_ H

OI
_lt

1 ! i



0

• o !

.3, . _

_I U.I _--_t- _-- _ -- "

} ,el, '
V1} !_o-- _ ....

ii-'F
_l _il '-'1.......

: _i "_"

.!

I

! •

!....%
i i .,D _,___

i

• _o_'_-_:_ _,_"

_,0-. -'_ _o -:_ F:' ,_, _'
(_ _ u_'_" u _ ,,3 <'I :.a

U _12. ttl_t "_1 rd

,_-_o-_-I_I _ o
• .I_ d .... L. , , _.. I_

_.'_,l< _'.__ _ _" _ = r_l' "<._
_".If"_ " ^ r_ _ p_, .'_

o _-p i-_" .". - .__L-:_ -

,!
| I ,
i I

i I
I I
|

!

!

! .

I
I
I

I

_-_;_,I""'
_I o: b:i

._i.21i_,I

°I_I°

,%

I:

|,

I'

i.

.°
,l

.i

i:
?

!,

,o

i!
L

!

H

o:

t.

I

< ._ •

[._ .

__



@

_ :J

,i

_0ip

0'_-:

0'._

I

s-.i

,*_-;

_'.

,oi

*._ ._-_

*;_ J-

_ .,-i

*---'I

f"t

._:
;**r

..b

C-.?

.o

r-q
.-,4

r,./_

.-1o

,_IDC)
e,l

a°

t_

g_

o
1_ 4-1

!.v

I °e._ ,4-

1.4

m N

._t _'_

(.II 0 ,..-I

_co

l.J ° 00"_

14e,_

_. ':'_

I

I

I



..+

,.., ,
._ "++...... • o+,

0

°°

I

_t

i._+i J

e,@

-,J m

+I
t-°

i

_..

+'.._

1,.J ;'

i

<:3-- - - ---I
0

-._ :<_ _ .,,,c ,2 _

' _I r i,. c" w} .

* _I ..,i !

,,_' n.,- .._ >.+- |

-.:_,';_ _ _ -_ ',

o _1"_' _ _" _

i, i I o- I
, i i !

!I
t

I--..4 _ C;i

._ _,.._,,
.....I---.t '
-.l.+i-+i+

o

0
f_

|,

!

*t
,,
1

i •

t,

i"
i"

I.
°.

°!

ii

t:
!,

:+

+0

.°

t

i
0.

'i

I
!



0

!

H



0

_,!-_.... I ii

o

f, ll

t



8. II SPECIAL COST SENSITIVITIES

REFERENC E :

Due to the size and development of the Special

Cost Sensitivities Analysis reference is made herein

to Part I, concept IIOA-I, paragraph 8.11 of Volume
8.

O
22Z'_o_.11-_



8.12 DOD ACQUISITION APPROACH

310-3A/310RE-3A

The rationale for phasing from the Full Scale Development
Phase to the Production Phase for the initial 310-3A

configuration is as described in Part I, Paragraph 8.12.2.

Production go-ahead for the evolved 310RE configuration

is based upon completion of the First Orbital Flight (FOF)

which is planned to demonstrate retrieval during an

operational deploy only mission. Upon the Tugs return to

the vicinity of the Shuttle a retrieval demonstration will

be conducted using a shuttle deployed Retrieval Delay Module

(RDM) as the target vehicle. This flight, together with

the previous years of deploy only operations, will provide

the assurance to allow for production go-ahead.

O
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320-01 ProJ. Management

320-02 Syst Eng & Integ

320-03-01 Structure

320-03-02 Thermal Insul

320-03-03 Avionics

320-03-04 Propulsion

320-03-05 Orbiter Inter-
face

320-03-06 Drop Tanks

320-03-07 Final Assy &

c/o

320-04-01 Structure

320-04-02 Thermal Insul

320-04-03 Avionics

3RO-04-04 Propulsion

320-01_-05 Interstage

Interface

, 320-01_-06 Drop Tanks

" 320-04-07 RDM

320-04-08 AKS

320-04-09 DKS

320-04-10 Cache Tank

320-04-11 Final Assy &

c/o

320-05 Logistics

320-06 Facilities

320-07 GSE

320-08 Vehicle Test

320-09 Lalmch Ops WTR

320-10 Launch Ops ETR

8.19 ESTIMATING TECHNIQUE AP!_ED

DD_&E PRODUCTION 0FN

ICER's Based on iM Experience

Same as 320-01

CER's Lower Level Analysis

Same as 320-03-01

Vendor Est/Manpower/Wrap-
around

Gov't Est/Vendor Est/Wrap-

around

CER's Vendor Est/Wraparound

N/A

Same as 320-01

Same as 320-03-01

Same as 320-03-02

Same as 320-03-03

Same as 320-03-04

Same as 320-03-01

Gov't est, CER's Vendor

Est, wraparound

Same as 320-0_-07

Same as 320-0_-07

N/A

Same as 320-03-07

CER's

CER's

CE_'s_and End_l_m analysis

CER's ,Manpower Loading

N/A

N/A

Same as DIE&E

Same as 320-01

Same as DIE&E

Same as 320-03

-01

Same as DUf&E

Same as DIE&E

Same as DDY&E

N/A

Same as 320-01

Same as 320-03

-01

Same as 320-03

-02

Same as 320-03

-03

Same as 320-03
-04

Same as 320-03
-O1

N/A

Same as DUf&E

Same as 320-04

-o7

Same as 320-04

-07

_/A
Same as 320-03

-07

Same as DDT&Z

Same as DDT&2

Same as DDT&E

N/A
N/A

./A

Same as DUE&E

Same as 320-01

Same as _DT&_

N/A

Same as 320-03-04

Same as DK_&2

Same as 320-04-07

Same as 320-04-07 .

N/A
Same as DDT._E

Same _as DDY&E

Same as DF_

N/A

Manpower Loading

Manpower Loading
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WBS ELD_

320-11 Flt Ops DOD

320-12 F1% Ops NASA

320-13 Ref & Int, ]st TR

320-i_ Ref & IIr_ 2nclTR

D_T&E

C_'e & Manpower Loading

Same as 320-11

PRODUCTION

N/A
_/A
_/A

OPN

Same as DUr&E

Same as DU2&E

Manpo_rer Loading

Manpower Loading
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PROJECT M(_IT.

SE &E

STRUCTURE

SPUN AL. TANKS

TI TANKS

BODY SHELL

THRUST STRUCTURE

METEOROID SHIELD

PAYLOAD INTERFACE

PROPULSION

ACPS THRUSTERS

ACPS SUPPORT

EPS WIRING

ORBITER INTERFACE,
STRUCTURE

FINAL ASSY & C/O

PROGRAM

BASIS BASE

IM VEH COST

IR LESS ENG.

LM VEH COST

LESS ENG.

IM WEIGHT

VENDOR

COST

VENDOR
COST

I_ WEIGHT

I_ V]_{ COST

A

DDT&E

.i

.13

12h •

i_o

25

5.5

5.5

37.2

I

i

i
21

39.7 !

5-5 1

A
PROD

.O9

.O8

15

24.3

2.8

o.h

._7

3.h

1.66

1.8_

B B
DDT&E PROD

1 1

1 1

•71 .61

•71 .61

•71 .61

1 1

1 1

1 1

•7 .7

•7 .7

1 1

l 1



8.I. I SUMMARY PROJECT SCHEDULE

Introduction: The Storable Tug Project schedule was

developed to identify the principal project phases and
to establish schedule estimates for all hardware and soft

ware elements in accordance with the Space _ig Work Break-

down Structure.

_le Tug Project Schedule depicts major program milestones

and presents project activities at level 5 of the WBS. This

schedule establishes the planning baseline for development

of the Storable Tug System through design, development,

manufacturing, ground test, flight test and operations. It

integrates all supporting schedules into an overall project

level plan and establishes the sequence and interdependency

of activities and events required for the development of an

operational Space Tug System.

Groundrules and _ssum_tions: Foll_aing are the ground rules

and assumptions used for development of the Storable Tug

Project Schedule:

o ATP is October 1975 at the earliest for Options 1 and 3.

ATP for Option 2 to be determined by the contrsctor.

o Schedule planning is designed to minimize peak annt,sl

funding during DDT&E.

o Main Stage DDT&E requirements consist of the foll_Ing

major test articles:

- A structural test article (STA) for dynamic, _tmt_c

and fatigue tests.

A main propulsion test vehicle (PTV). Following the

completion of live propellant testing the PTV will be

refurbished and delivered as an operational flight

vehicle.

- One shipset of Avionics hardware for the Integrated

Avionics Test (IAT).

- A flight test vehicle (MS-I).

o Operational fleet sizes for each project option are b_sed

on a study of traffic capture models.

o Production rate of vehicles is based on avoiding d_,pllc-

ation of major structural assembly tooling and minJmlzlng

gaps in manufacturing flff_.



Initial operational capability (IOC) is achieved after
completion of one test flight (FOF). IOC dates are ss

foll_s!

Option 1 - December 1979

Option 2 - December 1983

Option 3 - December 1979 - Inltial, December 1983 -

evolved.

o Maximum number of flights in 1980 is 3, based on the

Shuttle traffic model.

Approach: Based on the above groundrules and assumptions

a preliminary project milestone schedule was developed to

form a baseline for all detail scheduling. Detailed sub-

system design and development schedules, manufacturing and

factory checkout flows, vehicle test, GSE, facilities, and

SR&T Schedules were then developed in conjunction with

personnel repre,enting the cognizant management and tech-

nical disciplines. _lese detailed sched,les were then mlmm-

arized and integrated into the Tug Project Schedule through

the process of establishing a logical and _chievable relmt-

ionship between the engineering design and development

process, procurement of subcontract equipment, hardware f_b-

rication and assembly process and the vehicle test program

that minimizes risks and ensures the fulfillment of program

objectives. Finally, the major project milestones and act-

ivities presented in the Tug Project Schedule were condensed

into the Summary Project Schedule.
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DEVELOPMENT SCXEDULES

PRODUCTION SCHEDULES

The detailed Project Schedule depicts the total develop-

ment and production phases for the _t_in Stage nnd the

Auxiliary Stage(s). The detailed Project Schedule is

based on a constraint logic that considers overall

program objectives and the detailed interaction of

constraints on significant program activities. It

provides reasonable margins for development problems and

minimizes program front-loading.

The detailed Subsystem Schedules provide an order of

magnitude increase in detail from the Project Schedule mnd

depict the subsystem activities in both inhouse and

subcontractor areas. Subsystem schedule information is

presented at WBS level 6 for Structures_ Thermal Control

and Orbiter Interface, and at WBS level 7 for Propulsion

and Avionics subsystems.
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8.1.4 OPERATIONS SCHEDULE

8.1.5

Scheduled and planned for concept 320A-3A/320AE-3A, option 3

are 30 launches per year with 12 days between launches. Ground

servicing as shown on the programmatics/cost operations schedule

from land to launch is lO tug work days and 9 tug/orbiter work
days.

FACILITIES SCHEDULE

Included in the storable space tug facilities schedule for

concept 320A-3A/320AE-3A are the various tasks to be completed

against major program milestones. The fundamental grouping of

these tasks are manufacturing, test, maintenance and refurb-ETR,

ETR launch, maintenance and refurb-WTR and WTR launch. Under

this tug concept facilities maintenance extends into 1991, with

most of design/construction/activation ending by 1982in support

of WTR launch requirements.
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8.1.6 EVALUATION OF MAJOR SCHEDULE DRIVERS (cont'd)

320A-3A/320AE-3A

The avionics subsystem appears on the critical path

for the Two Stage Tug option resulting from the

introduction of an Advanced Fuel Cell. The purchase

order for the Advanced Fuel Cell would have to be issued

shortly after ATP to allow for the long development

time (minimum of 34 months). In addition, a two year

period of SP_T effort would have to precede the P.O.,

thus placing the start of SR&T in early 1974.

Also on the critical path (as in option 310-3A/310RE-3A)

is the main engine for reasons discussed above.

Production of the Two Stage Tug is scheduled in 3 lots

of upper and lower stages, manufactured alternately, and

providing a continuous manufacturing flow at 3 month

centers. Total fleet consists of ii upper and 13 lower

stages.

Development of the Apogee Kick Stage is delayed until

1979 to meet a late 1981 first flight requirement.





8.2 Vehicle Test Program (320A-3A/320AE-3A)

8.2.0

8.2.1

Our approach to development of the 320A-3A/320AE-3A

Vehicle Test Program is essentially as described in Part I,

Paragraph 8.2.0. The mission flight modes for this option

include both single stage and two stage operations. The

main stages are essentially identical and are connected

when in the two stage mode by an interstage structure.
As such, the various test articles in the Vehicle Test

Program include only one stage with interfaces being

simulated as required. Table 8.2-1 summarizes the design

verification approach in terms of major test verification

requirements and method of requirement satisfaction.

Figure 8.2-1 presehts a summary schedule of the total 320A-

3A/320AEr3A Vehicle Test Program.

Ground Test Articles - Type and Description

8.2.1.1 Propulsion Test Vehicle (PTV)

Since the two main stages are identical in terms of Structure

and propulsion subsystems, the PTV for this program consists

of one stage only as described in Part I, Paragraph 8.2.1.1

8.2.1.2 Structural Test Article (STA)

Although the 320A-3A configuration has twin stages the STA

will consist of only one of these stages since they are
structurally identical. Both the orbiter/stage adapter

and the interstage adapter will be included in the main

stage STA_forming an assembly 24 feet long by 15 feet wide.
Other details of the STA are the same as described in

Part II, Paragraph 8.2.1.2.

The Apogee Kick Stage (AKS) STA is as described in Part I,

Paragraph 8.2.1.2.2.

8.2.1.3 Integrated Avionics Testing

8.2.1.3.1 Maim Stage (_) Avionics Hardware and Software

The integrated avionics hardware and software testing for

the 320A-3A/320AE-3A is the same as described in Part I,

Paragraph 8.2.1.3.1. The second stage hardware and software

interfaces will be simulated for the IAT program. IAT

facility computers, dtmm_y loads and controlled signal

simulators will be used to simulate the second stage avionics
where concurrent functional operation is required for
mission slmulation
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8.2.1.3.2

8.2.1.4

8.2.2

8.2.3

8.2.3.1

Apogee Kick Stage (AKS)

A breadboard of the Apogee Kick Stage will be in-

tegrated in the IAT facility and tested as described

in Part I, Paragraph 8.2.1.3.2

Mockups

Mockups will be provided for all elements of this

configuration as described in Part I, Paragraph 8.2.1.4.

Flight Test Article - Description

Since the flight test program for this configuration will

include a single stage Tug flight test without payload_
only the lower stage will be provided as described in Part

I, Paragraph 8.2.2.1. The AKS flight test article is as

described in Part I, Paragraph 8.2.2.2.

Ground Test Program

This section describes the major elements of the vehicle

ground test program. The test programs described in the

following paragraphs include the Propulsion Test Vehicle

(PTV), Structural Test Article (STA), Integrated Avionics

Testing including software development, and mockups

required in support of program requirements.

Propuslion Test Vehicle Program

The single article Propulsion Test Program is as described

in Part I, Paragraph 8.2.3.1. The test schedule and man-

loading is shown in Figure 8.2-2. AKS SRM development

and qualification will be accomplished at the engine

contractors facilities as described in Part I, Paragraph
8.2.3.1

Structural Test Article (STA) Program

Main Stage

Since only one of the main stages will be tested the test

program is essentially as described in Part II, Paragraph

8.2.3.2.1. The test schedule and manloading are the same

as that shown in Part I, Figure 8.2-3 except the test
program starts in June 1978.
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8.2.3.2.2

8.2.3.3.2

8.2.3.4

8.2.4

Apogee Kick Stage (AKS)

The AKS STA program is as described in Part I, Paragraph

8.2.3.2.2. The test schedule and manpower is as shown

in Part I, Figure 8.2-4.

Integrated Avionics Test Program

Main Stage (MS) Avionics Hardware and Software

The integrated avionics test philosophy and test program

for the 320A-3A/320AE-3A is essentially the same as

described in Part I, Paragraph 8.2.3.3.1. The second

stage avionics for this configuration is similar to the

first stage and frcm a hardware viewpoint will be simu-

lated for IAT. The ASDL will be used for development

of software for both stages and the same set of MS avionics
hardware will be used in the IAT for mission simulation

for each stage. The evolution of this configuration to

include retrieval capability will be incorporated into the
IAT and ASDL facilities. System Hardware/Software

verification and mission simulation will be performed for

the evolved configuration in the IAT facility.

The test schedule and manloading are shown in figure 8.2-3.
Test logic and constraints are the same as those des-

cribed for configuration llOA.

Apogee Kick Stage (AKS)

A breadboard of the Apogee Kick Stage will be integrated

into the IAT facility and tested as described for config-
uration ll0A.

The schedule for the AKS avionics is also shown in

figure 8.2-3.

Mockups

The 320A-3A/320AE-3A mcokup program is essentially as

described in Part I, Paragraph

Flight Test Program

This section describes the flight test program for the
320A-3A/320AE-_ configuration. In addition, the section

also includes a description of the vehicle level factory

and launch site test and checkout approach. In order to

maintain continuity the section begins with the checkout
,_,l_ ............ ,_ ...... _, _ • .A U4..I.UW _ W-I- _AJ. _AA_ v_. UAA_

flight test program.





8.2.4.1

8.2.4.2

Flight Vehicle Checkout and Test

The philosophy and objectives of the flight vehicle

ground test program are the same as those described

in Part I, Paragraph 8.2.4.1

The Factory Testing of the first 320A-3A contains the

same tests as the ll0A-1, except that two stages are

staggered through fluid and subsystem checkout avoiding

the need for two sets of checkout equipment. The final

plugs out system check is performed on the two stages

together to demonstrate the ability of the electrically
isolated stages to mate (structure to structure electrical

continuity) without adverse effect on system operation.

Subsequent stages will be tested as independent vehicles

with the same basic flow as the ll0A-1 main stage.

The pre launch testing initially includes a single stage

only and is as that described in Part III, Paragraph 8.2.4.1.

The facilities and equipment requirements are the same

as those described in Part I, Paragraph 8.2.4.1.4 except
for the addition of fUel cell related GSE.

The factory Test Schedule and Manpower Requirements are

shown in Figure 8.2-4 while the prelaunch schedule and

manpower is the same as described in Part III, Figure 8.2-6.

The AKS schedules and manpower requirements for first

vehicle factory flow and prelaunch are the same as those

described in Part I, Figures 8.2-9 and 8.2-10 respectively.

Flight Test

Since the first year of 320A-3Ao_erations includes single stage
deploy only flights, Eirst Orbital Flight (FOF) will be

a dedicated flight test using only one main stage essentially

as described in Part I, Paragraph 8.2.4.2.

There will be a total of nine additional operational

flights for the 320A-3A/320AE-3A configuration from which

flight test data will be obtained. Six data flights are

planned for the initial configuration and three for the
evolved.
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Introduction of single stage retrieval will be

accomplished during an operational deploy only flight

in 1983. A telescoping test fixture deployed from

the Shuttle will serve as the retrieval target. Two

stage round trip operations will be demonstrated during

a normal operational flight in 1984. Flight test data

will be acquired during the first two years of 320AE-3A

operations via the installed DFI system. Flight test

data will be obtained, as a minimum, on the following
operationa flights:

(3) Single payload deploy - single stage

(i) Multi payload deploy - single stage

(1) Single payload ._eploy - single stage with AKS

(1) Single payload deploy - two stage

(1) Retrieval dp_,onstration - single stage

(I) Round tri2 - single stage
(i) Retrieve/round trip - two stage

The flight test schedule and test program costs are
shown in Figure 8.2-5.

Analysis of the Test Program

Key Elements

The analysis of the key elements of the test program for

the 320A-3A configuration is basically as described in

Part I, Paragraph 8.2.6.1. The following sunmmryhighlights

only those new issues arising from the two stage oper-

ational mode and the evolved 320AE-3A configuration.

- No System Level Hot Firing Tests:
As described in Part I

Dynamic Static and Fatigue Tests performed
on a single STA:
As described in Part I

Use of a Single STA program to cover both

the Basic and Evolved Configuration:
As described in Part III

Integrated Avionics Testing Accomplished in

two separate yet Com_limentaryFacilities:

Essentially as described in Part III except

that the evolved configuration will contain

Level IIIa autonomy through all program

f.7- io
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8.2.5.2

8.2.5.3

8.2.5.4

One Dedicated Flight Test Minimizes

Risk of Losing Tug/_ayload:

The main stage flight test program for the

320A-3A configuration is essentially as

described in Part I, Paragraph 8.2.6.
Demonstration of retrieval will be accom-

pliahed as part of a single stage 32OAE-3A

deploy only mission and will not require

a separate dedicated flight test. The
retrieval target could involve an extension

boom mounted to the Orbiter of the variety

used to deploy solar panels

- No System Level Thermal Vacuum Test

As described in Part I.

SR&T Assumptions

The basic assumption for the 320A-3A/32OAE-3A SR&T require-
ments are described in Part I, _aragraph 8.2.6.2. SRAT

requirements, test programs affected and a brief description
of the interaction with the test programs affected is
summarized in Table 8.2-2.

Reusability Demonstration

Reusability demonstrations are as described in Part I,
Paragraph 8.2.6.3.

Life Verification Tests

Life verification tests are as described in Part I,
Paragraph 8.2.6.4
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Facilities Plan - Option 3A - Concept 320A-3A/320 ARE-3A

Manufacturing Facilities

Same as concept IIOA-I except 39,900_I. ft. of floor space is required

for fabrication and assembly of the TUG.

8.3.2 Test Facilities

Same as concept IIOA-I.

8.3.3 Operations Facilities

Same as concept IIOA-I except TUG Maintenance Facility at ETR will have

6 horizontal stations in a 18,000 sq. ft. addition to the Shuttle OMS Facility.

TUG Maintenance Facility at WTR will have 4 horizontal stations in a 12,000 sq.

ft. addition to the Shuttle OMS Facility.
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Part IV Configuration 320A-I/320AE-I

8.4 Vehicle Manufacturing

This section establishes the requirements for the 320A-I/320AE-I space-

craft including the assembly sequence, toollng 9 schedule, manufacturing test,

special processes and facilities.

The spacecraft is a two stage vehicle with apogee kick stage. Each stage of

the spacecraft is interchangeable and can be used as the first or second stage

of the stack by replacing adapter fittings. Manufacture of the stages is the

same as the single stage vehicle with the basic diameter reduced from I0 feet

to roughly 8 feet. A special adapter to the orbiter is required and so is an

interstage structure. Each spacecraft has nested titanium propellant tanks and

a composite honeycomb outer shell. The orbiter adapter and interstage construct-

ion use alumlnumsheetmetal substructure and a composite honeycomb outer shell.

8.4.1 Plan/Flow/Time

The assembly breakdown of the two stage Tug is shownin figure 8.4-1. The

manufacturing sequence is the same as the single stage vehicle discussed in

Part II Section 8.4. A major problem with the two stage vehicle is that two sets

of weld assembly tooling and additional assembly/checkout stations are required

to meet early schedule commlttments. The typical manufacturing flow and master

schedule are shown in Figure 8.4-2 and 8.4-3 respectively.

8.4.2 Tooling Requirements (including GSE)

Tooling requirements are the same as discussed in Part II Section 8.4.2

however an additional set of weld fixtures and another final assembly fixture

are required.

8.4.3 Facility Requirements

The two stage vehicle requires additional floor space in structural and

final assembly areas as shown in Fig. 8.4-4. Supporting areas in Plant 2 and

3 and cold flow (HPTF) will be the same as discussed in Part I section 8.4.3.

8.4.4 Special Requirements

See Part II Section 8.4.4

8.4.5 Summary Analysis/Philosophy

See Part II section 8.4.5

8.4.6 GSE Requirements

See Part I section 8.4.7
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__ _HIGH PRESSURE

TEST FACILITY (HPTF)

_. ! ' oo,_,N_

, ir--,I '

= "' FINAL ASSEMBLY,',.",,o
_ & CHECKOUT

¢/_ ¢:_ FINAL A_Y AREA

6200 FT

! , ' "-----j, " 4 TON OVERHEAD
' ' J CRANE COVERAGE

II BENCH STOCK

5UPT - 1000 SQ FT
1000 SQ FT

SUBASSY AREA

1300 _ FT

Final Assembly Facility

ACTIVITY

FINAL ASSY & C/O

STRUCT ASSY.

ASSY (B..#3)

¢O'EAL

MAIN STAGE

9,800 sq. ft.

15,500

7,200

32,500 sq. ft.

KICK STAGE

1,100 sq. ft.

2,300

m

3,400 sq. ft.

O

Figure 8.4-4
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8.6 COST DATA

Included in this section are the cost data for an evolved tug con-

figuration 320A-3A/320AE-3A. Cost data are provided for the initial

program 320A-3A and the combined total evolved program.

O Initial Program 320A-3A

Storable Space Tug System Project Expected Cost-Spares
Cost (INT & OPS)-First Unit Cost (Data Forms A19 2 and 3,

subparagraph no's 8.6.1, 8.6.2 and 8.6.3) (Computer P/O)

O

o

Storable Space Tug Funding Schedules-DDT & E, Production
and Operations (Data Form C, subparagraph 8.6.4, 8.6.5,

8.6.6 and 8.6.7)

First Unit Production Cost per WBS (including Avionics

to level 7) Main Stage and Auxiliary Stage(s), (sub-

paragraph 8.6.8)

Form B (Technical Characteristics subparagraph 8.6.11)

O Combined Evolved Program 320A-3A/320AE-3A

o Same as initial program plus :

o Average Cost/Fllght (subparagraph 8.6.9)

o Storable Space Tug System Project Cost Estimate

data by SOW-DDT & E, Production and Operations

(Data Form T (SOW'S) subparagraph 8.6.10)

@



EVOLVED TUG

CONCEPT 320A-3A (INITIAL)

OPTION 3
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U330

0311
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0313
o3!_,
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O316
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)32l

:0333
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)330

)331
)332
)333

• _3_
_335
_336

_337

33_0

33_3
03_
_3_5

O350

o 35
_35e
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o35_
0355

o36o

o_]
o36P
o_63

o37o

0371
0372

0_00

0_70

O_7}

O_7_
O_73
C47_

0_75

O480

O_82

O483
0_84

0485

O_90

G_91
O_
OJ_o3

o_
G.95

O10O

_Jm_

I t_+WI'IF tONI' inn
L'.'V%'t

'+TOG v_n. _At+_ ::TA_;_: I ,819

STRUCTt_ !

F_e] Tank & Cprt
OK Tank & Spr_

Body Struttare
Thrust Structure i "
_ toroid Shield
Pay load tatFace ",
Inst'l Asz¥ & C/O '

THFRMAL INSULTN

Fuel Tank Inaul
OX Tank Insul

Purge Sys Insul

Coat Sya
lust'1 Asey & C/O

AVIONIUS

D_a Management
G,T_C
Communleat io.qe

Ins _rumentation
Elee Pwr

Pwr Diet & C_t

Inat'l Asay & C/0

PROPULSIOM

Main E,_ the
Main Famine Sprt

ACPS Engine
ACPS Engine Spr*.
Ins_'l Assy _ C/O

ORBITER I:rdgRFACE

Strut:ure
In_.erface P_._q
Purge Provielo_
Abor: Provision

Ina_'l Aes¥ & C/O

DROP T,_C_

StructtLre$
Thermal Insul

prod Spr_ qys
Inet'l Assy • C/O

FI._ALASSY & C/0

Final Aeay
Checkout

TOG VE.H.A'._.STAGE

R_M

Structure
Therm Co_t

Avt onlc.

Propulsion

._t14 Aeey & C/O

AKS

Structure
'l'herm Cant
Avionics •

Propulllon
AKS Assy • C/O

Structure
Ther_ Cc_t

Avionics
Propulsion
DY3 Aae¥ _, C/O

PROJECT MANA_:_L_T

TOTAL FIRL'T [_r_' C_'X

9,0e5

3,8_9

l_'/I Wi}:', (|:4C" 'q'h; AVl _N ;C; q_ '/V'O'. ':)

MAIN ',,_'A(gg A!H' A;_'U [;H:Y ,'TPAtZ;(;:)

(t").:'r I-:| ';'II )U:'J,:;I',S)
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: o
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_,116

' 0
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0

I
_,111

8o0

o
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o
o
o

o

o
o

_,3_1

2,]21
0

o.130

Cry+pater

Tal_ Ree o_de r
FSI Co_t'r/'PrM Form.
DACU
_._nsOTa

0332 C,PP_C
_U
Sta.r Trucker

Art Pal
T_eer Revo. Radar
SateUlte ReceiVer

Doppler Receiver
L-Band Antenna

C._ubine4/Doppler Def.
APS Ct 'I gleetronice
._::/_"_CC'-'IElectron

0333 C0_'JNICATION@
S-_and X 'C%'R/X'POR

Aux. Xmtr
P_wer AMP
Baseband Processor

Diplexer
An_ _wi_h

Antenna

Power Splitter
OCTA
In-Howe

0334 L_STR_.{TAT ION

0335 Eric POWER

Da_tery

Emer_enay _at :ery
Modifled Fuel Cell
Thermal Control

Cryo Tanks
In-Rott_,

0336 P_R DIST. & CT'L

O33T L_r'L ASo'q& C/O

• |

i 663
i IT&

' 75

i _,116

' 16_
_O
&CO

2_

_o
_3
lO
_o

8

xTO

o

lOO

_o
2_

.!,To

O_77

O_8o

O_3

TI_]V_,'llo A_( JI'AGK

Rim

AVIONICS
DMS

PCM/Slg Cond
Sensors

G:_,C !
A_tl rude Gyro

Ref Uni_

Timer/CT' 1 _elay
Al_SCT'I Electron,

CO_4UNICAT IO:;S
S-Band Xevr/Xp,lr

Baseband Process

Aux. Xmtr

Pwr Ampll ='ler

Diplexer

An _.,ensa Dwitch

Antenna .

E'._C. POW_
Primary Bafiery
Pwr Diet & CT'I

AVIONICS ,.
D4S

Senaora
GH&C
At titude Oyro

Ref Unit
Timer/CT' I _eley
Vel_ lty Meter
Se _ue_:e Program

EL_C POWER
Primary Battery .
Per Dlst ,%C2+I

D._S
AVIONICS

Sensors

PCM

G_C

Attitude Cyro
Ref Unit

Timer/CT ' 1 Belay
APS/TVC CT'l

Electr
Veloclty Meter
Sequeuce Program
Star Tracker

COMMtI./ICATIONS

S-Band Xcvr/xr_u-
Baseband Process
Aux. Xmtr

P_r Amplifier ;

Dlplexer
Anteu_a Switch ;
An te nun
EL_C. POVr,_

Primary Battery
Diet & CT'I ,

DeOrbit Bat'.ery
Solar Cell Padl's

9,0_
0
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@

Launch Operations

Launch Slte Serv & Supt

Tug Shuttle Mate & C/O

Prelaunch C/O

Countdown

Propellants & Gasses

Post Flight Safing

Maintenance & Refurb

Sched Mant & Refurb

Unsched Maint & Refurb

Vehicle Opnl Spares (less Me)

M. Eng. Malnt & Refurb

M. E. ()pnl Spares"
Post Maint C/O

Tug/Payload Mate & C/O

Refurb Reqmt Planning

Depot Malnt

Total Ground OPS (I_unch/Maint/Refb)

Flight Operations

Mission Planning

Flight Control

Flight Evaluation

Flight Supt Software

Operatlon_ Support

FSE Ma int

Sustaining Eng

Prog Mgt

Tran,",port & }Tdlg

Inventory Control & Whseing

Facilities Maint

Expend Veh AvE. Unit Cost

Total Cost/Flight

20A-BA/320 -3A

MODE I MODE II

REFUSE _,ND

NASA DOD

129.16 129.16

lO.83 10.83
2o.o? 2o.o7

.65 .65
62.0 62.0

35.61 35.61

>18.20 >18,20

28.7$ 28.74
30.33 30.33

214.54 214.54

80 80

31.23 31.23

9.89 9.89
15.81 15.81

3.01 3.01
lO4.65 lO4.65

647.3<] 647. 6

448.21 539. lO

131.63 147.35

160.8 157.35

21.41 19.76

134.37 214.6#

77.02 77.02

1:99 1.99

36.33 36.33

18.16 18.16

3.82 3.82
13.49 13.49

3.23 3.23

1173 1263

NASA

s

17,700

DOD

J

NASA .... DOD

1_£0

2423

7Y- Y6- '/s"
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8.7 FLIGHT SCHEDULE

Included in support of our flight schedule definition for concept

320A-3A/320AE-3A are the following tables:

o Fleet Size and Vehicle Usage

o Flight Element Requirements

o Kick Stage Definition

o 320A-3A/32OAE-3A Flight Operations Buildup

o Payload Flown

o Programmatic Data Summary Storable Tug Concept

320A-3A/320AE-3A
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8. 9 Risk Assessment

In making an assessment of the risk associated with each configuration in

each capability option we have considered the type of technology items associated
with each vehicle and the impact that it would have on the program if, for one

reason or another, the item would be unavailable and an alternative solution would

be required. The impact is defined, usually, in terms of added weight, lost per,

formance and total program cost increase; in some cases the impact can be decreased

weight or reduced cost.

It is assumed that all of the weight increases and all of the cost increases

will occur simultaneously without benefit of any offsetting decreases in e_ther

weight or cost. For example in configuration IIOA-I we have assumed that the +4 lb,

weight impact of abandoning spun alumim,_ tanks in favor of welded aluminum tanks

is combined with a $iO.0 million cost increase as a result of abandoning aluminum
tanks in favor of titanium tanks due to materials compatibility or fracture mechanics

issues.

Taking the summation of all the weight increases, these are converted to costs

by using the $75K/ib. figure derived when we were first selecting subsyst_, options
for incorporation with IIOA-I. The $75K/ib. number represents the last step

(actually the slope of the line) in our subsyst_s synthesis process which provides
a curve of _ weight versus _ total program costs as we added lighter and more

costly subsystems options to achieve a behicle with 3500 lb. deploy capability. In
this manner we arrived at a estimate of the costs expected if we had to recover the

weight growth.

In similar fashion we then stwmed all of the potential cost increases, ignoring

any offsetting cost decreases, and added these to the dollars representing the weight
increases. The IIOA-I has no projected performance loss since it uses the OME 7.5K

engine; the assumption is that the basic OME will have been developed to meet its

-_e!ght, performance and reusability goals for the Sh_Jttle Orbiter. In the case of

conf_g!_ations which use the Class I engine_for ex_mpie 4iOAD-2, we have assuni._-d

that a 3 second Isp performance loss is possible. To convert this pei_ormance loss

to costs we use the p_load sensitivity factor to loss in isp (97 ±u_!_-t._ecj__ _ _4_._

this by the payload sensitivity to inert weight and then multiply by $111/ib. _o

convert it to costs.

Taking all of the costs and adding them together we get a total low cost risk

value of $15.3M for IIOA-I which ranges to a high value of 94.3M for 320A-3A/

32OAE-3A.
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Section 8.i0 Supporting Research and Technology

This section includes a summary matrix chart which identifies all of the

SR & T items and where they are applied to each configuration in each capability

option.

Following the summary matrix there are individual tables for each configura-
tion which summarize the technology items for that particular configuration and

give a very brief synopsis of the type of SR & T program proposed and the estimated

funding and schedule requirements. The text following each table is the facing

page text prepared for the main presentation.

Following the tables for each configuration, an additional form is filled out

for each technology item providing status information, justification for the pro-

posed SR & T program, objectives, technical approach, and a more detailed schedule

showing when the proposed program must be completed in order to support the parti-

cular configuration.

In dealing with the subject of SR & T we have identified two distinct groups -

one where technology is needed and the other where there is no doubt that the

technology is available and it is a straightforward engineering task to accumulate

data that will preclude making a "false start" where several alternates are under

study; we have called the latter group "desired data".

_ae storable Tug will benefit from the fact that the APOLLO LM program has

s_mile_ materials, propellants, equil_aents and procedures; the Shuttle

Orbiter will expand on this data base for the Tug. The low number of identified

SR & T items and the mod estsums projected are based on the assumption that several

existing or planned efforts related to the Shuttle will continue to provide data.

u'_ese include the planned propellant and materials compatibility testing in support
of the Shuttle Orbital Maneuvering Subsystem, its engines, tanks and components

both at NASA/WSTF and at the Shuttle contractor's facilities. In addition, we have
identified the Air Force funded efforts to develop the advanced Micron IMU for

aircraft programs,as an effort which we would build-oB rather than to start from
scratch.

We have not attempted to detail the SR & T programs required on the Class I

engine (with or without the two position nozzle) except to point out the uncer-

tainty associated with the anticipated engine llfe and the predicted performance

of very high expansion ratios within the mixture ratio of interest. The engine

contractor will provide the proposed SR & T efforts required on the engine

and we will provide comments on same at NASA's request.

The overall-"message" which we hope will become obvious to the reader is

that there are no real "show-stoppers" among the SR & T items identified.
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8.11 SPECIAL COST SENSITIVITIES

REFERENCE :

Due to the size and development of the special

cost sensitivities analysis reference is made herein

to Part I, concept IIOA-I, paragraph 8.11 of Volume
8.



8.12 DOD ACQUIS ITION APPROACH
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WBS ELemENT

_. !_ ESTIMATING TECIR_IQUE APFIJED

DIE&E PRODUCTION

320-01 ProJ. Management

320-02 Syst F_6 & Integ

320-03-01 Structure

320-03-02 Thermal Insul

320-03-03 Avionics

320-03-04 Propulsion

320-03-05 Orbiter Inter-
face

320-03-06 ]hop Tanks

320-03-07 Final Assy &
c/o
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320-04-02 Thermal Insul

320-04-03 Avionics

320-0h-o4 Propulsion
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Interface
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320-04-11 Final Assy &
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CER's Lower Level Analysls
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around
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-o7

./A
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Same as 'DDT&_

Same as DIE&N
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_/A
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OFN
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N/A

./A

_/A

same as DDT&_E

N/A
./A

N/A

_/A

N/A

Same as 320-O3-0h

N/A

I.-./A

Same as DUf&F,

Same as 320-05-07

Same as 32o-oh-07

./A

_/A
Same as DU_&E

Same as DHT&F,

Same as DUf&E

N/A

Manp_¢er l_adin _7,

Manpower Loadinf.;
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SE &E

STRUCTURE
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1 1

1 1

1 1
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8 .I. 1 SUMMARY PROJECT SCHEDULE

Introduction: The Storable Tug Project schedule was

developed to identify the principal project phases and

to establish schedule estimates for all hardware and soft

ware elements in accordance with the Space Tug Work Break-
down Structure.

_le Tug Project Schedule depicts major program milestones

and presents project activities at level 5 of the WBS. This

schedule establishes the planning baseline for development

of the Storable Tug System through design, development,

manufacturing, ground test, flight test and operations. It

integrates all supporting schedules into an overall project

level plan and establishes thesequenceand interdependency

of activities and events required for the development of en

operational Space Tug System.

Groundrules and Assump._tio_nss: Foll_alng are the ground rules

and assumptions used for development of the Storable Tug

Project Schedule:

o ATP is October 1975 at the earliest for Options I and 3.

.ATP for Option 2 to be determlned by the contractor.

o Schedule planning Is designed to minimize peak annual

funding during DDT&E.

o Maln Stage DDT&E requirements consist of the foll_aing

major test articles:

- A structural test article (STA) for dynamic, static

and fatigue testa.

A main propulsion test vehicle (PTV). Following the

completion of live propellant testing the PTV will be

refurbished and delivered as an operational flight
vehicle.

- One shipset of Avionics hardware for the Integrated

Avionics Test (IAT).

- A flight test vehicle (MS-l).

o Operational fleet sizes for each project option are based

on a study of traffic capture models.

Production rate of vehicles is based on avoiding duplic-

ation of major structural assembly tooling end minimizing

gaps In manufacturing flow.

9



o Initial operational capability (IOC) is achieved after

completion of one test flight (FOF). IOC dates are as

roll.is:

Option 1 - December 1979

Option 2 - December 1983

Option 3 - December 1979 - initial, December 1983 -

evolved.

o Maximum number of flights in 1980 is 3, based on the

Shuttle traffic model.

Approach: Based on the above groundrules and assumptions

a preliminary project milestone sched.le was developed to

form a baseline for all detail scheduling. Detailed sub-

system design and development schedules, manufacturing and

factory checkout flows, vehicle test, GSE, facilities, and

SR&T Schedules were then developed in conjunction with

personnel representing the cognizant management and tech-

nical disciplines. _ese detailed schedules were then summ-

arized and integrated into the Tug Project Schedule through

the process of establishing a logical and achievable relat-

ionship between the engineering deslgn and development

process, procurement of subcontract equipment, hardware fab-

rication and assembly process and the vehlcle test program

that minimizes risks and ensures the fulfillment of program

objectives. Finally, the major project milestones and act-

ivities presented in the Tug Project Schedule were condensed

into the Summary Project Schedule.
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DEVELOPMENT SCH_)ULES

PRODUCTION SCHEDULES

The detailed Project Schedule depicts the total develop-

ment and production phases for the Main Stage and the

Auxiliary Stage(s). The detailed Project Schedule is

based on a constraint logic that considers overall

program objectives and the detailed interaction of

constraints on significant program activities. It

provides reasonable margins for development problems and

minimizes program front-loadlng.

The detailed Subsystem Schedules provide an order of

magnitude increase in detail from the Project Schedule and

depict the subsystem activities in both inhouse and

subcontractor areas. Subsystem schedule information is

presented at WBS level 6 for Structures, Thermal Control

and Orbiter Interface, and at WBS level 7 for Propulsion

and Avlonlcs subsystems.

w



APal, af A!¢O,."4. ' ; . . oraer amr_LX I : ea_ ar_msraL_ _ A ._a_r.,:c Zoe

- : • _ •

rCA#F_¢ _/oa_L (r_rJ/ye,,_) -_-Vl rc_1 rer (raO --_" _ (J)--------_'_------- (_z) -------,-

• i
-t

#14/_t SrAa* : _'_,_ #tr

, ma/w ¢.vata¢ (¢L_s. __.." .aro-_ &mxe , gk¢___ r*srn*a._pFc Ap'_'C_-_.-_--,_Z r-- -- --I.......................................
1"_"*_"__._e: _, , _.%._ _7o_,_.-7_ j _,,.o, =-..., ,-.. -...-._ ___

I_C._ =, _, :,_=__..._ I
I_.,., _o._,_, __: _: :__::,_;-.;r "_ i

I. -,'a_l_-?__, -- -- II
I

" _ _-_ _*-_a_.'ow/c _ _rJ2
2x,_,_o vm_-,r r-" ---". - _" "-'-a.o_-__..___ ........ i

I i _. -v?ir_-- Po_..___

....... , '_br-_ _o_-2
I . " ; "i

ior i _'¢couc._,,d L _______a4_;_, ef, tx.mo_r:, aFt_' "I 4,r'¢, -_ -e

E voi ,.rz, (3. :,,,r ¢- 3.a) ! __.,.r __ _¢o_z_.¢_,o_ __ Pa_.,',: .'-_..a_.d_

Rt/_I/./_Y S.'(.<,C_

l_fr/_.'._t'l.t. 2_C.L,,Cy"/'VOI_ILC ]
!

4Po_¢_ K/c_ sw/laa" I
V[#/ Cd4" lZr$ r ' !

, _.#r_,_: #,,/oa_s a'_r Lw_'r,.n_..._.-___--_.-r__.:__<,,__,_'as_L.--_..¢,,e,__'.-,.,-,¢_

. , , _ . • f _. c,o....._c,_.*_f ,,,,,_. T._,.,_- _,-*

#eqm_n_o, _r ¢¢,,c_ 4 .t_rw) : , , c,_ _u,,_,_o_., • _.,_

. : . , . • , : ---_ _'¢sr _c7" (_b, ¢ -/,V/r/at)

_eoJm.a $_r ¢_/tma_ " . ' .. : / , ; .art,,a.l,v_,_=;#. ¢ . _,m - - .......... 1

• i " i I I i i i _ '. [ [ : I . _ t ' ' ' _ . " ' L_ ! ¢/_*4C#'e/II_Y . . ! _ . . . ', ' I :I_II ; • ' ; i , ; ! : { 1 '

!JI_III,_IIIJIJIAI$111III!JIFIaIAIaIJIJIAIIIIInIIJIflllAI=IJIJAI$1IIUlIJIFIaIAIaIJIJIAI$111NIIIJIflalXlIIJIJIXI$111NIIIJIFIUIAI=IJIJIAIS0 m'=iJifl=[iui]iJi_isiniuiai=iriui=iui_,==_miuiniji=__u
, , .... , .... I /_' "" I ,_7_, I /97m I /,'_ I /_ao I /_o/ I

. _- s'.{-a.



An,r A_rCr_, "-i._ka n_ i ' , _ ' . i _ ' i ' i

" ' . i , ; . ' !
. ' . f . ' " I ' , Z "

(,7)------_------ (2_) ..... ,(m) ----- --_--- C_-) -----_ ------ C_.) .... (_) .... .- ........ (38). .............. (_d _ -------(_) ......

I

I
I

( I

I ,

."/"_"_./'_t'*. _'r_'° P°'_'' _'', I¢_r- -._"-'r- -t " " / IP _ . I' I/

: ---,-,_,_ m ': ' i lll Im
---,,..--.,-, [:_ I --. ,,_' _'w_.. ...... ,----'-q_-t-t_-I

• i ! t • "

: ' _'*, ' " ' _ _ ' ' , i , , _, I_llol /



4b. r

i

L

\

o

i

i ¸ u I

., • _J

k

m

k_
!

_b

_D
k_

v)

l
I

!

F-

_ _ m m

m

m _
_o

-!

m

oo

..... Q



14

7

!
I

I

!

k

....f

_i

_7

J

I

m

m

m

m

N_

i_-t_



i

I

I

!

I-- I

I

I
I

n

I

I

I_-

p,,

v



I
,c

f_

L_

!

T

m

I,,,

!

_m

J

P',I--

p,,

0



0

_- 9.1- i7..



v



_ .

q
11,,

k

)--, -°--_

OI

,.I L,

<_

<3

v_

p'v1_

_' _ i_l.i

\-_
_ t _H

_m m

_m

|

I\

S-

I

I.

E



I

" _' ._ _ I."

I I I l_ I I

i .

v)

%,

v)

v'1

-,..



_ _-1 I. ",4 _

!I-_ _,_
I ! .I | ! i

-d

.LI,.

W_
•-.....,.

V

•-__ _._-_t.



0

I



I_

k

m

L) ,j_,

I I I I I t

tL" I I

,,_ %11

t_

E-

,4 _,

t_

_5

tu .,i



I

° !- •
b

°_ Z"

o-

"1 1 •

o. --<_

] , :

t I

n

w%

_J

°! "1
,%

,'%1

!

I

1'" ; ..... : ; ........

_q

k

%1

K

%)

P.

_o

_j

E

k

v_

q

%

0



0

"'f " I .....

°.

v)

v_

"-I>

, ° ......

i

v "%

r-

_mJe_

.-I>'-'
_J,n

,J,i

N

E

i

b,,

_o

_r

_-.- ¢. _- ;_a

-b <I
-3

O

vl

¥_.
vl

vl

t,..

_,Z,,



8. I. 4 OPERATIONS SCHEDULE

8.1.5

Scheduled and planned for concept 310-3B/310ARE-3B,

option 3 are 37 launches per year with i0 days between

launches. Ground servicing as shown on the program-

matlcs/cost operations schedule from land to launch is

I0 Tug work days and 9 Tug/orbiter work days.

FACILITIES SCHEDULE

Included in the storable space tug facilities schedule

for concept 310-3B/310ARE-3B are the various tasks to

be completed against major program milestones. The

fundamental grouping of these tasks are manufacturing,

test, maintenance and refurb-ETR, ErR launch, mainten-

ance and refurb-WTRand WTR launch. Under this Tug

concept facilities maintenance extends into 1991, with

most of deslgn/constructlon/activatlon ending by 1982

in support of WTR launch requirements.

O
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8.1.6 EVALUATION OF MAJOR SCHEDULE DRIVERS (cont 'd)

3 I0-3B/310ARE-3B

The project schedule for this option is identical to

the 310-3A/310RE-3A schedule except for the following

areas: Lot 3 of the Main Stage production consists

of 6 vehicles, with MS production ending in

January 1985.

In addition to the Retrieval Delay Module an Apogee

Kick Stage is developed and ready for deployment by

theend of 1983.

"_- _.I - _



8.2 VEHICLE TEST PROGRAMS (310_3B/31OARE_3B)

8.2.0 Test Summary

The approach used to develope the Vehicle Test Program for

the 310-3B/SIOARE-BB configuration is basically the same

as described in Part I, Paragraph 8.1.2. The addition of

an Apogee Kick Stage, Retrieval Delay Module, MS Retrieval

Electronics and Level IIb autonomy to the Tug program for

the 310ARE-SB configuration will also be verified in both

the ground and flight test programs.

Table 8.2 -i summarizes the test verification approach in

terms of major verification requirements and method of

requirement satisfaction. Figure 8.2-1 presents a summary

schedule of the total Vehicle Test Program.

Ground Test Articles - Type and Description ....

Propulsion Test Vehicle (FIV)

The PTV for the 310-3B/31OARE-SB configuration is the same

as described in Part I, Paragraph 8.2.1.1.

8.2.1.2 Structural Test Articles (STA)

The structural test article (STA) for this configuration

consists of three major assemblies which are tested, as

described in Part II, Paragraph 8.2.1.2.

Main Stage STA(IOC 12/79)

Apogee Kick Stage (IOC 1984)

The description of the min stage STA is the same as that

described in Part II, Paragraph 8.2.1.2.1

There are two auxiliary stages developed for this configura-

tion. The Apogee kick stage STA is the same as described in

Part II, Paragraph 8.2.1.2.2. The Retrieval Delay Module STA

is the same as described in Part III, Paragraph 8.2.1.2.2.

8.2.1.3 Integrated Avionics Test Facilities

Integrated avionics hardware and software testing for the

310-3B basic vehicle will be accomplished using an IAT and

ASDL facility as described in Part I, Paragraph 8.2.1.3.1.

As the retrieval capability and level IIB autonomy is incor-

porated into the MS avionics, the IAT facility and/orASDL
will be updated to reflect these changes.
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8.2.1.4

8.2.2

8.2.3

8.2.3.1

8.2.3.2

A breadboard of the Retrieval De& ay Module will be integra-

ted in the IAT facility and tested as described in Part III,
Paragraph 8.2.1.3.2.

A breadboard of the Apogee Kick Stage will be integrated in

the IAT facility and tested as described in Part I, Paragraph
8.2.1.3.2.

Mockups

The mockups for this configuration are the same as described

in Parts I and III, Paragraph 8.2.1.4.

Flight Test Articles

The Main Stage (_S) Flight Test Article and the Apogee Kick

Stage (AEB) Flight Test Articles are as described in Part I,
Paragraphs 8.2.2.1 and 8.2.2.2, with the AKS not flight tested

until late 1983.

The MS Flight Test Article for the 310ARE-3B configuration
is the first flight - configured vehicle with retrieval

capability and includes a DFI system.

The Retrieval Delay Module Flight Test Article is the same

as described in Part:III, Paragraph 8.2.2.2.

Ground Test Program

This section describes the major elements of the vehicle

followingparag3aphs include the propulsion Test Vehicle
(FIV) _÷_.÷ ....i _oo÷ ^_÷_io fcm^_ Integrated _._^_-_^_

Testing including software development, and mockups required

in support of program requirements.

Propulsion Test Vehicle (PTV) Program

The Main Propulsion System andAuxiliary Propulsion System
test program for the 310-3B configuration is the same as

described in Part I, Paragraph 8.2.3.1.

Structural Test Article (STA) Program

The MS Structural Test Program for the 310-3B/31OARE-3B

configuration is as described in Part II, Paragraph 8.2.3.2.1.

The mamloading and test schedule for the 310-3B/31OARE-3B

configuration is the same as shown in Part I, Figure 8.2-3
with the start and end dates shifted three months later.
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8.2.3.3

8.2.3.4

The Apogee Kick Stage structural test program is the same

as described in Part I, Paragraph 8.2.3.2.2 except that it

starts in January of 1983. The Retrieval Delay Module

structural test program is the same as described in Part III,

Paragraph 8.2.3.2.2.

Integrated Avionics Test Program

The integrated avionics test philosophy and test program for

the 310-3B/31OARE-3B configuration is basically the same as

described in Part I, Paragraph 8.2.3.3.1. In addition to

those tests defined in Part I, the evolution of the Retrieval

Capability and Level IIB autonomy will be incorporated and

verified in the IAT facility and ASDL prior to incorporation

in the flight vehicle. At the completion of system hardwar_

software verification, mission simulation will be performed

for the evolved MS in the IAT facility.

Fuel Cell - Reactant tank systems test will also be conducted

the same as those described in Part III, Paragraph 8.2.3.3.1.

The RDM test program for the 310-3B/31OARE-3B is the same as

described in Part III, Paragraph 8.2.1.3.2.

The AKS test program for the 310-3B/31OARE-3B is the same as

described in Part I, Paragraph 8.2.1.3.2.

The test program, for the 310-3B/31OARE-3B configuration and
schedule are shown in Figure 8.2 -9.

Mockups

The mockups will be used throughout the MS, RDM and AKS

develol_ment stage as described in Part I, Paragraph 8.2.3.4.
In addition the STA will be used for launch operations check-

out as described for the llOA configuration.

Flight Test Program

Flight Vehicle Test and CheckOut

The 310-3B configuration mainstage vehicle factory and pre-
launch test and checkout requirements, schedule and manpower

is the same as described in Part III, Paragraph 8.2.4.1.

The AKS factory and pre-launch (IOC TBD) flow is the same

as shown in Part I, Figure 8.2-9 and the RDM factory and

pre-launch flow is the same as described in Part III, Figure

8.2-9.
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8.2.4.2

8.2.5.2

8.2.5.3

8.2.5.4

Flight Test

In addition to the eight flights described for the 310-

BA/31OR_SA configuration in Part III, Paragraph 8.2.3.2,
one additional deploy only data flight with an AKS will

be required for this configuration. The flight test

schedule and test costs for this configuration are shown

in Figure 8.2-3.

Analysis of the Test Program

Key Elements

The key elements of the 310-3B/31OARE-3b configuration,

Vehicle Test Program, are the same as described in Part III,

Paragraph 8.2.6.1.

SR&T Assum2tions

The basic assumptions for the SIO-3B/31OARE-3B SR&T require-

ments are described in part I, Paragraph 8.2.6.2. SR&T

requirements, test programs affected and a brief description

of the interaction with the test programs affected is sum-
marized in Table 8.2-2.

Reusability Demo#stration

Reusability demonstrations for the 310-3B/31OARE-3B con-

figuration are the same as described in Part I, Paragraph
8.2.6.3.

Life Verification Tests

The life verification test requirements for the 310-3B/

310ARE-3B configuration are the same as described in

Part I, Paragraph 8.2.6.4.
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Facilities Plan - Option 3B - Concept 310A-3B/310 ARE-3B

Manufacturing Facilities

Same as concept IIOA-I except 29,700 sq. ft. of floor space is required

for fabrication and assembly of the TUG.

8.3.2 Test Facilities

Same as concept IIOA-I except iATwill require 1300 sq. ft. of floor

space at JSC.

8.3.3 Operations Facilities

Same as concept IIOA-I except TUG Maintenance Facility at ETR will have

4 horizontal stations in a 12,O00 sq. ft. addition to the Shuttle OMS Facility.
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Part V Configuration 310-3B/310ARE-3B

8.4 VehlcleManufacturlng

This section establlshes the requirements for the 310-3B_310ARE-3B space-

craft including the assembly sequence, tooling, schedule, manufacturing test,

special processes and facilities.

The 310-3B spacecraft is a single stage vehicle with a kick stage (AKS) and

a retrleval module (RDM) added for the evolved configuration 310ARE/3B. The

spacecraft is essentlally the same as the 410 and 310 vehicles described in
Parts II and Ill.

8.4.1 Plan/Flow/Time

The manufacturing sequence is identical to configuration 410AD-2 discussed

in Part II section 8.4.1. The manufacturing flow and master schedule are sh_n

in figures 8.4-I and 8.4-2 respectively.

8.4.2 Tooling Requirements (including GSE)

See Part II section 8.4.2.

8.4.3 Facility Requirements

See Part II section 8.4.3.

8.4.4 Special Requirements

See Part II section 8.4.4.

8.4.5 Summary Analysis/Philosophy

See Part II section 8.4.5

8.4.6 GSE Requirements k

See Part I section 8.4.7
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8.6 COST DATA

Included in this section are the cost data for an evolved tug con-

figuration 310-3B/310ARE-3B. Cost data are provided for the initial

program 310-3B and the combined total evolved program.

o Initial Program 310-3B

Storable Space Tug System Project Expected Cost-Spares

Cost (INT & OPS)-First Unit Cost (Data Forms AI, 2 and 3,

subparagraph No's 8.6.1, 8.6.2 and 8.6.3) (Computer P/O)

Storable Space Tug Funding Schedules -DDT & E, Production

and Operations (Data Form C, Subparagraph 8.6.4, 8.6.5,

8.6.6 and 8.6.7)

o Form B (Technical Characteristics subparagraph 8.6.11)

o Combined Evol_,_d Program 3!O-3B/3!OARE-3B

o Same as initial program plus :

O

O

Average Cost/Flight (subparagraph 8.6.9)

Storable Space Tug System Project Cost Estimate

data by SOW-DDT & E, Production and Operations

(Data Form T (SOW'S) subparagraph 8.6.10)



EVOLVED TUG

CONCEPT 310-3B (INITIAL)

OPTION 3
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m

Launch Operations

Launch Site Serv & Supt
Tug Shuttle Mate & C/O
Prelaunch C/O

Countdown
Propellants & Gasses
Post Flight Safing

Maintenance & Refurb

_hed Mant & Refurb
Unsched Maint & Refurb
Vehicle Opnl Spares (less Me)

M. Eng. Malnt & Refurb
M. E. 0pnl Spares"
Post Malnt C/O

Tug/Payload Mate & C/O
Refurb Reqmt Planning

Depot Maint

Total Ground OPS (Launch/Maint/Refb)

Flight _Operations

Mission Plannlng
Fll6ht Control
Fli_It Evaluation

Flight Supt Software

Operations Support

FSE Matnt
Suets lntng Eng
Prog Mgt
Tran,_port & I|d]g
Iuventory Control & Whseing
Facilities Maiut

F_pend Veh Avg. Unit Cost

Total Coat/Flight

310-3B/310AP_-3B
AVERAGE COST/FLIGI_ ( _ THOUSANDS )

NASA

i09.82

7.59
15.29

.45
62.00
24.49

454.17

26.58
27.83
174.53
80.OO

33.33
9.09
14.58
1.64

86.59

563.9_9

_8.18

9_.36
116.97

19.21
197.64

61.79

1,64
29.96
14.98
3.16

IO.OO
2.05

lO54

DOD NASA

109.82

7.59
15.29

.45
62. O0
24..4 9

454.17

26.58
27.83

174.53
80.O0
33.33
9.09
14.58
1.64

86.59

563.99

4n.o5

Iii. 9
120.25
15.85

163.o5

61.79

1.64

29.96
14..98
3.16

i0. O0
2.05

8400

1037 9454

DOD NASA

• |

.: . -.

1050

2O87

: . %
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8.7 FLIGHT SCHEDULE

Included in support of

for concept 310-3B/310ARE-3B are the

o Fleet Size & Vehicle Usage

o

our flight schedule definition

following tables:

Flight Elements Requirements

o Kick Stage Definition

o Payload Flown

o 310-3B/310ARE-3B Flight Operations Buildup

o Programmatic Data Summary Storable Tug Concept

310-3B/310ARE-3B
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8. 9 Risk Assessment

In making an assessment of the risk associated with each configuration in

each capability option we have consider_(1 the type of technology items associated
wlth each vehicle and the impact that it would have on the program if, for one

reason or another, the item would be unavailable and an alternative solution would

be required. The impact is defined, usually, in terms of added weight, lost per-

formance and total progrsm cost increase; in some cases the impact can be decreased

weight or reduced cost.

It is assumed that all of the weight increases and all of the cost increases

will occur simultaneously without benefit of any offsetting decreases in either

weight or cost. For example in configuration IIOA-I we have assumed that the +4 lb.

weight impact of abandoning spun alumim_ tanks in favor of welded aluminum tanks

is combined with a $iO.O million cost increase as a result of abandoning aluminum
tanks in favor of titani_ tanks due to materials compatibility or fracture mechanics

issues.

Taking the sunlnation of all the weight increases, these are converted to costs

by using the $75K/ib.figure derived when we were first selecting subsystem options

for incorporation with IIOA-I. The $75K/ib. number represents the last step

(actually the slope of the line) in our subsystems synthesis process which provides
a curve of _ weight versus _ total program costs as we added lighter and more

costly subsystems options to achieve a behicle with 3500 lb. deploy capability. In
this manner we arrived at a estimate of the costs expected if we had to recover the

weight growth.

In similar fashion we then summed all of the potential cost increases, ignoring

any offsetting cost decreases, and added these to the dollars representing the weight

increases. The IIOA-I has no projected performance loss since it uses the OME 7.5K

engine; the assumption is that the basic OME will have _...._ developed to meet its

weight, performance and reusability goals for the _h_'i_ _rbiter. In the case of

co,;figurations which use the Class ! _ng_ne, for example 410AD-2, we have assumed

that a 3 second lap performe_nce loss _s possible. To convert this performance loss

to costs we use the payload sensitivity factor to loss _n !sp (97 ibs/sec), divide

this by the payload sensitivity to inert weight and then multiply by $11!/ib. to

convert it to costs.

Taking all of the costs and adding them together we get a total low cost risk
value of $15.3M for IIOA-I which ranges to a high value of 9_. 3M for 320A-SA/

_o_-_.



8.10 RISK ASSESSMENT (continued) ...........

Where no suitable alternative exists (for example the Class I engine,

or the laser radar, or the Space Storable SRM) we have identified that

item as both a cost and a schedule risk without attempting to quantify

the risk. In general, we are relying on the successful cc_pletion of

the proposed SR_ programs to reduce or eliminate the risk of schedule

slippage.

Taking configuration IIOA as an example:

IIOA-I: This is an extremely low risk program with only two items

representing a technical risk, the spun-form aluminum tanks and the

prestressed filament reinforced (PFR) helium tanks. Both of these

items are low risk and both have suitable, low risk alternatives
available.

The incorporation of separate tanks (rather than the nested tsnks

used in the other configurationS further reduces the risk associated

with this configuration. Level Ill (rather than Level liB) autonomy

also reduces the risk since there is no reliance on the 621B Navigation

Satellite program. The OME 7.5K engine is the lowest risk engine

program available, so its use on IIOA-I further reduces risk. The use
of scaled-up LM batteries rather than fUel cells with their associated

cryogenic storage tanks and valves is again the lowest risk approach

available for providing electrical power. The all-aluminum structure

is the lowest cost/lowest risk approach available. The short mission
duration (34 hours) eliminates the need for multi-layer insulation

(MLI) on most of the ex@ernal surfaces there minimizing the risk of

damage to the MLI during vehicle ground operations.

Since the IIOA-I does not have to con_nunicate with payloads it has the

the lowest risk communications equipment, a dedicated frequency station,

to develop. Although our current approach includes making the co_nunica-

tions equipment cc_patible with the NASA Tracking and Data Relay
Satellite System (TDRSS) an option which can further reduce risk, is to

eliminate the requirement for this equipment to meet the spread spectrum

and CCIR interference requirements associated with T_ESS. The modifica-

tions of an existing IMU (the Carousel VB) and an existing computer

(the CDC 469) are again the lowest risk approach identified in the GN&C

and DMS areas.

Although the use of an apogee kick stage (AKS) to deploy heavier pay-

loads reduces the sensitivity of the configuration to inert weight

growth or Isp loss, it does add complication to flight operations, in-
creasing risk. Elimination of the AKS can further reduce the risk of

this configuration.

@
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Section 8.10 Supporting Research and Technology

This section includes a summary matrix chart which identifies all of the

SR & T items and where they are applied to each configuration in each capability

option.

Following the smmmary matrix there are individual tables for each configura-

tion which summarize the technology items for that particular configuration and

give a very brief synopsis of the type of SR & T program proposed and the estimated

funding and schedule requirements. The text following each table is the facing

page text prepared for the main presentation.

Following the tables for each configuration, an additional form is filled out

for each technology item providing status information, Justification for the pro-

posed SR & T program, objectives, technical approach, and a more detailed schedule

showing when the proposed program must be completed in order to support the parti-

cular configuration.

In dealing with the subject of SR & T we have identified two distinct groups -

one where technology is needed and the other where there is no doubt that the

technology is available and it is a straightforward engineering task to accumulate

data that will preclude making a "false start" where several alternates are under

study; we have called the latter group "desired data".

The storable Tug will benefit from the fact that the APOLLO LM program has

_s_11_Ami_ler_m_er_ls,._r_lants, __s _nd _rocedures; the Shuttle

Orbiter will expand on this data base for the Tug. _ae low number of identified

SR & T items and the modestsums projected are based on the assumption that several

existing or planned efforts rela%ed to the Shuttle will continue to provide data.
These include the planned propellant and materials cu=patibility testing in support

of the Shuttle Orbital __.euvering Subsystem, its eng_ues, tanks and components

both at NASA/WSTF and at the Shuttle contractor's facilities. In addition, we have

identified the Air Force funded efforts to develop the advanced Micron IMU for

aircraft programs,as an effort which we would build-on rather than to start from
scratch.

We have not attempted to detail the SR & T programs required on the Class I

engine (with or without the two position nozzle) except to point out the uncer-

tainty associated with the anticipated engine life and the predicted performance

of very high expansion ratios within the mixture ratio of interest. The engine

contractor will provide the proposed SR _ T efforts required on the engine

and we will provide comments on same at NASA's request.

The . overall ,message': which we hope will become obvious to the reader is

that there are no real "show-stoppers" among the SR & T items identified.
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8. II SPECIAL COST SENSITIVITIES

REFERENCE:

Due to the size and development of the Special

Cost Sensitivities Analysis reference is made herein

to Part I, concept 110A-I, paragraph 8.11 of Volume

8.
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i i

i I

•71 .61

•71 .61

•71 .61

1 1

1 1

1 1

.7 .7

•7 .7

• 1 1

1 1
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ScH puLFS
SUMMARY PROJECT SCIIEDULE

Introduction: _le Storable Tug Project sched.le was

developed to identify the principal proiect phases a.d

to establish schedule estimates for all hardware and soft

ware elements in accordance with the Space _,g Work BreAk-
down 8tr.ctnre.

_le Tug Project Sched.le depicts major program milestones

and presents project activities at level 5 of the WBS. 'Hli_

schedule establishes the planning baseline for development

of the Storable _ig System through design, development,

manufacturing, ground test, flight test and operations. It

integrates all supporting schedules into an overall proiect

level plan and establishes the sequence and interdependency

of activities and events required for the development of an

operational Space Tug System.

Groundrules and Assumptions: Follcraing are the ground rules

and assumptions used for development of the Storable _,g

Project Schedule:

o ATP is October 1975 at the earliest for Options 1 and 3.

ATP for Option 2 to be determined by the contractor.

o Schedule planning is designed to mln|mlze peak _nn,,a|

funding during DDT&E.

o Main Stage DDT&E requirements consist of the follrr_I._

major test articles:

- A structural test article (STA) for dynsmic, st_tlr

and fatigue tests.

A main propulsion test vehicle (PTV). Following th_

completion of live propellsnt testing the PTV wlll be

refurbished and delivered es an operational flight
vehicle.

- One shipset of Avionics hardware for the Integrated

Avionics Test (IAT).

- A flight test vehicle (MS-l).

o Operational fleet sizes for each project option are bn_ed

on a study of traffic capture models.

Production rate of vehicles is based on avoiding d,plic-

ation of major structural assembly tooling and minimizing

gaps in manufacturing fl_a.



o Initial operational capability (IOC) is achieved after

completion of one test flight (FOF). IOC dates mre ms

follows:

Option I - December 1979

Option 2 - December 1983

Option 3 - December 1979 - initial, December 1983 -

evolved.

o Maximum number of flights in 1980 is 3, based on the

Shuttle traffic model.

A22roach: Based on the above groundrules and ass_,mptlons

a preliminary project milestone schedule was developed to

form a baseline for all detail scheduling. Detailed mlb-

system design and development schedules, manufacturing and

factory checkout flows, vehicle test, GSE, facilities, and

SR&T Schedules were then developed in conjunction with

personnel representing the cognizant manmgement and tech-

nical disciplines. _lese detailed sched111es were then summ-

arized and integrated into the Tug Project Schedule thro_,gh

the process of establishing a logical and achievable rel,t-

ionship between the engineering design and development

process, procurement of subcontract equipment, hardware fab-

rication and assembly process and the vehicle test program

that minimizes risks and ensures the fulfillment of program

objectives. Finally, the major project milestones and act-

ivities presented in the Tug Project Schedule were condensed

Into the Summary Project Schedule.
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DEVELOPMENT SCHEDULES

PRODUCTION SCHEDULES

The detailed Project Schedule depicts the, tot.l devel.op-

ment and production phases for the Main Stage ,nd the

Auxiliary Stage(s). The detailed Project Schedule is

based on a constraint logic that considers overall

program objectives and the detailed interaction of

constraints on significant program activities. It

provides reasonable margins for development problems and

minimizes program front-loading.

The detailed Subsystem Schedules provide an order of

magnitude increase in detail from the Project Schedule and

depict the subsystem activities in both Inhouse and

subcontractor areas. Subsystem'schedule information is

presented at WBS level 6 for Structures, Thermal Control

and Orbiter Interface, and at WBS level 7 for Propulsion

and Avionics subsystems.
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8.1.4 OPERATIONS SCHEDULE

Scheduled and planned for concept 510A-3B/510ADE-3B,

option 3 are 30 launches per year with 12 days between

launches. Ground servicing as shown on the program-

matics/cost operations schedule from land to launch

is i0 tug work days and 9 tug/orbiter work days.

8.1.5 FACILITIES SCHEDULE

Included in the storable space tug facilities schedule

for concept 510A-3B/510ADE-3B are the various tasks to

be completed against major program milestones. The

fundamental grouping of these tasks are manufacturing,

test, maintenance and refurb-ETR, ETR launch, mainten-

ance and refurb-WTR and WTR launch. Under this tug

concept facilities :_aintenance extends into 1991, with

most of design/construction/activation ending by 1982

in support of WTR launch requirements.
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8.1.6 EVALUATION OF MAJOR SCHEDULE DRIVERS (cont 'd)

5 IOA-3B/_IODE-BB

The critical path for the option may be traced through

the following tasks:

o Structural design, including the integral nested

tank design.

o Spun form tank fabrication and assembly.

o Main Stage structural assembly

o Flight test vehicle (MS-l) final assembly,

equipment installation and checkout.

o Ship to ETR.

o Prelaunch activity for FOF in December 1983.

Development of the Deorbit Kick Stage is advanced to

1978 allowing deployment of the DKS with payloads in

1981. Approximately 3 years prior to the evolved Tug
IOC.

The Apogee Kick Stage is subsequently manufactured for

deployment in November 1981. Production of the Main Stage

consists of 3 lots as in other evolved programs. Total

fleet size is 14 Main Stage Vehicles.



8.2 VEHICLE TEST PROGRAM (510A-3B/51OADE-SB)

8.2.0 Test Summary

The approach used to develop the Vehicle Test Program for

the 510A-3B/51OADE-3B configuration is basically the s_e
as described in Part I, paragraph 8.2.1. The addition of

a Retrieval Delay Module, Deorbit Kick Stage, MS retrieval

electronics and level IIb autonomy to the Tug Program for

the 510A-3B/51OADE-3B configuration will also be verified

in both the ground and flight test programs.

Table 8.2-1 summarizes the test verification approach in

terms of major verification requirements and method of

requirement satisfaction. Figure 8.2-1 presents a summary

schedule of the total Vehicle test program.

Ground Test Articles - Type and Description

Propulsion Test Vehicle (PTV)

The PTV for the 510A-3B/51OADE-3B configuration is the

same as described in Part I, paragraph 8.2.1.1

8.2.1.2 Structural Test Articles (STA)

The Structural Test Articles for this configuration are

the same as described in Part II, paragraph 8.2.1.2

8.2.1.3 Integrated Avionics Testing

The integrated avionics ha_-dware _-_ _+'#......+_+_= 9_
=_^ o_/_n^ _ _ stage w_]] be _.(_'('_om_iishedusin_the _-_-o_i _o ............

_ TAm a_.dASDL faei]ity as described in Part III, para-
graph 8.2.1.%. , and the A,_'"_'",__ as described _, - _ TT._ . r&r o

8.2.1.4 Mock-ups

Mock-ups will be provided for both the main stage and the

kick stages as described in Part I, paragraph 8.2.1.4.

The early Deorbit Idck stage mock-ups will be modified to

serve as the later Apogee Kick State mock-ups.

8.2.2 Flight Test Articles

The main stage and Apogee kick stage flight test articles

are the same as described in Part I, paragraphs 8.2.2.1
and 8.2.2.2

The Deorbit Kick stage flight test article will be the same

as described in Part II, paragraph 8.2.2

"--7" r"
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8.2.3 Ground Test Program

8.2.3.1

8.2.3.2

8.2.3.3

This section describes the major elements of the vehicle

ground test program. The test program described in the

following paragraphs include the propulsion test vehicle

(PTV), Structural Test Article (STA)_ Integrated Avionics

Testing including software development, and mock-ups

required in support of program requirements.

Propulsion Test Vehicle (PTV) Program

The Main Propulsion System and Auxiliary Propulsion System

test program for the 510A-3B configuration is the same as

described in Part I, paragraph 8.2.3.1

The DKS/AKS SRM test program will be conducted at the

engine manufacturer as described for the IIOA configuration

AKS in Part I, paragraph 8.2.3.1.1

Structural Test Articles

The main stage structural test program, is the same as

described in Part II, paragraph 8.2.3.2. The main stage

test schedule and manloading is the same as shown in Part

I, Figure 8.2-3 except that it is shifted three months

later.

The DKS/AKS auxiliary stage begins as a Deorbit kick stage

and later is flown with AKS capability only. Since there

are no structural changes required_only one STA is provided.

-The structural tests are _,ii performed for the most crit-

cn.1 eondi_t_on,_ for eihher A_._; DK,q or _nmhined

AKS/DKS. Mence the inltiai test program satisfies all

_q'_'-_iz_'"_'it _...... f0!" -._'_._ ,-.,-_nf'"-n_t',,r,_.__,_..... . _.._-'" "ti,_,'_-_ -_z_'"_"_'_
the _ _ ,,_,e same as _ .... _ for the _n^_eo_ oro_ram is ÷_ __

configuration AKS in Part I, paragraph 8.2.3.2.2. The

schedule and manloading is the same as for the llOA AKS

except that it starts in 2/80 instead of 12/80 because of
the early flight requirements of the DKS.

Integrated Avionics Test Program

The mainstage integrated avionics test aprogram for the

510A-3B/51OADE-3B confi6_aration is the same as described

in Part III paragraph 8.2.3. 3

The DKS/AKS integrated avionics test program is the same

as described in Part II, paragraph 8.2.3.3.

The schedule and manloading for integrated avionics testing
is shown in figure 8.2-2.
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8.2.4.2

8.2.5.2

Flight Test Program

Flight Vehicle Test and Checkout

The Main Stage (MS) factory and prelaunch flow, schedule

and manpower requirements are the same as described in

Part III, paragraph 8.2.4.1.

The AKS/DKS factory and prelaunch flow, schedule and

manpower requirements are shown in Figures 8.2-3 and

8.2-4.

Flight Test

Eight flights are planned for Che 510A-3B/51OADE-3B configur-

ation flight test program.

The main stage (MS) and Apogee kick stage (AKS) flight

test program for configuration 510A-3B is essentially as

described in Part I, paragraph 8.2.4, with the AKS not

tested until late 1981.

The MS flight test program for configuration 510ADE-3B

is the same as described in Part III, paragraph 8.2.4

using the DKS as the retrieval target.

Since the DKS is developed and flown earlier than the main

stage, a separate and dedicated flight test is planned to

verify the capability of the DKS to function during and

after extended exposure to orbital environments. This

fligb_ will occur in early 1981 and could be accomplished

as part of a _o_mai shuttle ia_:ch or by some other means.

The schedule and test costs for the flight test Drogram

is shown in Figare _.2-5.

Analysis of the Test Program

Key Elements

The key elements of the 510-3B/51OADE-3B configuration

Vehicle Test Program, are the same as described in Parts

II and III, Paragraph 8.2.6.1

SR&T Assumptions

The basic assumptions for the 510-3B/51OADE-3B SR&T

requirements are described in Part I, paragraph 8.2.6.2.-

SR&T requirements. Test programs affected and a brief

description of the interaction with the test programs
affected is summarized in Table 8.2-2
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8.2.5 •3 Reusability Demonstrat ion

8.2.5.4

Reusability demonstrations for the 510-3B/51OADE-3B

configuration are the same as described in Part I,
paragraph 8.2.6.3

Life Verification Tests

The Life Verification Test requirements for the

510-3B/51OADE-3B configuration are the same as described

in Part I, paragraph 8.2.6.4.
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Facilities Plan - Option 3B - Concept 510A-3B/510 ADE-3B

Manufacturing Facilities

Same as concept llOA-1 except 39,200 sq. ft. of floor space is required

for fabrication and assembly of the TUG.

8.3.2 Test Facilities

Same as concept llOA-1 except 1AT will require 1300 sq. ft. of floor

space at JSC.

8.3.3 Operations Facilities

Same as concept llOA-1 except TUG Maintenance Facility at ETR will have

4 horizontal stations in a 12,O00 sq. ft. addition to the Shuttle OMS Facility.

The Kickstage SRMProcessing Facility will require 2800 sq. ft. of floor space.
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Part Vl Configuration 510A-3B/510ADE-3B

8.4 Vehicle Manufacturing

This section establishes the manufacturing requirements for the 5!0A-3B/

510ADE-3B spacecraft including the assembly sequence, tooling,schedule, man-

ufacturing test, special processes and facilities.

The 510A-3B spacecraft consists of a main stage and an apogee kick stage

(AKS) with phased introduction of a deorbit kick stage (DKS). The configuration

is essentially _e same as the 310 and 410 configurations except that the OMS

engine is used and lower construction cost is achieved by using aluminum prop-

ellant tanks and a stiffened sheet outer shell. Uee of the OME increases the

length of the orbiter adapter and_relocates the forward support pickup structure.

8.4.1 Plan/Flow/Time

The manufacturing sequence for the main stage and propellant tanks are

included in the Part II Section 8.4 _anufacturing discussion. The kick stage is

essentially _tandard for all configurations and is discussed in Part I Section

8.4.1.2.

_le manufacturing flow and master schedule are shown in figures 8.4-1 and

8.4-2 respectively.

8.4.2 Tooling Requirements (including GSE)

Tooling requirements for the main stage are shown in Figure 8.4-1. The kick

stage requirements are the same as those discussed in Part I Sectien 8.4.2.2.

8°4°3 Facilities Requirements

See Part II section 8.4.3

8.4.4 Special Requirements

See Part I Section 8.4.4

8.4.5 S_-rnary Analysis/Philosophy

See Part I section 8.4.5

8.4.6 GSE Requirements

See Part I section 8.4.7
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TABLE 8.4-1

TOOLING REQUIREMENTS

510A-3B

Page I

PART/ASS_.._LY

PROPELL._aNT TANK - ALIDIIN_,!

OPERATIONS TOOL/GSE

Domes (4)

Polar Ring (2)

Spin Form
Chemmill

Trim & Weld Prep

FOrm

_chlne

Polar Cap (2) Form

Machine

Access Covers (2) Form

Machine

Cylinder

Fwd Frame

'_" Ring

Cove

Aft. Frame

Stiffeners

Tank Assembly-Fuel

Tank Assembly -

Oxidizer

Form

Weld

Chemmill

Trim & Weld Prep

Machine Roll Forging
Form Seal Channel

Weld

Final _chlne

Machine Roll Forging

Form

Chemmill

Trim & Weld Prep
Weld

Ma_dne Roll Forging
Form Cover Plate

Weld

Final Machine

Form

Chemmill

Trim

Weld Domes, Cylinder &

Y Rings

Weld Domes, Cylinder

& Y Rings

Spinning Chuck

Chemm£11 Templates (4)

Spinning Chuck Above

Press Die

Holding Fixture

Press Die

Holding'Fixture

Press Die (Polar Cap Die)

Holding Fixture

Standard Rollers

Standard Longitudinal Stake Welder

Chemmill Template
Trim Fixture

Holding Fixture, NC Tape
Standard Rollers

Weld Fixture

Holding Fixture Above

Holding Fixture_ NC Tape

Press Die

Ohemmill Templates
Trim Fixture

Weld Fixture

Holding Fixture, NC Tape
Standard Rollers

Weld Fixture

Holding Fixture Above

Standard Brake Die

(_emmill Template

l_=ill & Scribe Template

Weld Fixture (includes nmndrel,

_ack-up bars, clamps and

_tating mechanism)

_eld Fixture (includes mandrel,

_ck-up bars, clamps and

rotating mechanism)



TABLE8.4-I

TOOLINGREQUIREMENTS(cent)

510A-3B

Page 2

PART/ASSDfBLY

PROPELUo%NT TANK - ALUMINUM

OPERATIONS TOOL/GSE

D

Installation

Fixture

Installation

Fixture

Asse_bly

Assembly

FORWARD SKIRT

Outer Shell

Fwd Frame

Intermed Frame(2)

Docking Probes (4)

Latches (12 &Ftgs.

Assembly

Assembly

AF.___TSKIRT

Outer _*ell

Frame

Aft_. Fr.__-_

Install Propellant Acq-

uisition Screens Fuel

Tank

Install Propellant Acq-
uisition Screens Fuel

Handling

_ransportatlon

Roll form sheet

Brake form stiffeners

Chen=aill skin

Trim stlffeners

Form meWDers

Chemmi!l

Form members

C_emmiii

Machine

_Mchine

Assemble Skin, Stiffeners,

Frames, Decking Interfaces,
APS clusters

Handling & Transportatin

Roll Form Sheet

Brake form stiffeners

Chemmill skin

Trim stiffeners

Form members

Cheu_ill

Forth members

Chemml],]

Drill/Installation Fixture

Drill/Installation Fixture

Slings (2) (GSE)

Dolly (2) (csE)

Standard rollers

Standard Dies

Chemm!ll templates (2)

Drill & scribe templates (8)

Press blocks (4)

Ch_mill templates

Press block (3)

_.O/*_d11 templates

Holding flxtures, NC Tapes

Holding fixtures, NC Tapes

Assembly fixture

Stz_dard s11vg & dolly with

a_pters

Stamdard rollers

Standard Dies

Ch-._uill templates (2)

Dr_ll & scribe templates

Press blocks (3)

CH__mnill templates

P=es_ blocks (4)

_mmi_l t_mFia_c_

(8)



O

PART/ASSKMBLY

AFT SKIRT (Cont)

Assembly

Assembly

THRUST STRUCTVRE

Conical Shell

Engine Suppt. Ftg.

Gimbal Fittings

_ase Heat Shield

Assembly

APS CLUSTERS

_d (2)

Aft (2)

_EQUIP_U_NT CO_fPARYMENT

$heetmetal parts

Fittings

FLUIDS ASSemBLIES

Tubing

Assembly

ELECTRICAl, HARNES SL'.'G

TABLE 8.4-1

TOOLING REQUIF_EMENTS (Cent)

510A-3B

OPERATIONS _OOL/CSE

Page 3

Assemble Skin, stiffeners,

frames, docking interfaces,
APS clusters

Handling & transportation

Assembly fixture

Standard sling & dolly

with adapters

Roll Form sheet

Form stiffeners

Chemmill sheet

Mmchine

Machine

Roll form Alzak sheet

Assemble sheet, stiffeners,

fittings, & base heat shield

Standard rollers

Standard brake dies

Che_mill templates(3)

Holding fixture

Holding fixtures (2)

Standard rollers

Assembly fixture

Machine cluster parts (3)

Weld

Machine assembly

Holding fixtures (3)

Holding fixture

Form

Drill & trim

Che,m_ill

Machine

Press blocks & standard dies

Drill & scribe templates &
router boards

Chemmill templates

Holding fixtures

Form

Weld connectors

Assemble fluid lines and

purchased components such as

valves, filters, regulators

Standard bending dies & set-up

gages (SUGS)

Standard Orbital welding equipment

adapters & welding schedules

Assembly fixtures and standard

cryofit and braziag tools.

Assembly _ZI_ _"q -(,'

Standard cutting, stripping,

marking tools
Earness beards



]_.BLE8.4-I

TOOLING REQUIREMEh_fS (toni)

510A-3B

Page 4

PART/AS SE_LY

INSTALLATIONS

FINAL ASSE}_LY

OPERATION

Install subassemblies and

components

Structural Assembly
Installations

Handling

Transportation

Shipping

TOOL/GSE

Installation fixtures

Final assembly fixture
Work stand

Slings (2) (GSE)

Dolly (CSE)

Container (GSE)

_7- ?._-7



Part Vl Configuration 510A-3B/51OADE-3B

8.4 Vehicle Manufacturing

This section establishes the manufacturing requirements for the 510A-3B/

510ADE-3B spacecraft including the assembly sequence, tooling,schedule, man-

ufacturing test, special processes and facilities.

The 510A-3B spacecraft consists of a main stage and an apogee kick stage

(AKS) with phased introduction of a deorbit kick stage (DKS). The configuration

is essentially the same as the 310 and 410 configurations except that the OMS

engine is used and lower construction cost is achieved by using aluminum prop-
ellant tanks and a stiffened sheet outer shell. Use of the O_ increases the

length of the orbiter adapter and_ relocates the forward support pickup structure.

8.4.1 Plan/Flow/Time

The manufacturing sequen.e for the main stage and propellant tanks are

included in the Part II Section 8.4 manufacturing discussion. The kick stage is

essentially standard for all configurations and is discussed in Part I Section
8.4.1..2.

_*e manufacturing fl_a and master schedule are shown in figures 8.4-1 and

8.4-2 respectively.

8.4.2 Tooling Requirements (Including GSE)

Tooling requirements for the main stage are shown in Figure 8.4-i. _ne kick

stage requirements are the same as those discussed in Part I Section 8.4.2.2.

8.4.3 Facilities Requirements

Sea Pert Tlr section 8.4.3

8.4.4 Special Requlrements

See Part :I Section 8.4.4

8.4.5 Su_-- ry Analysls/Philesophy

See Part _ isectlon 8.4.5

8.4.6 GSE Requirements:

See Part I section 8.4.7

_r- ¢._-_
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TABLE 8.4-1

TOOLING REQUIRE_[ENTS

510A-3B

Page I

PART/ASS_._LY

PROPELLANT TA_,q<- ALL_II_[

OPERATIONS TOOL/GSE

Domes (4) Spin Form
Chemmill

Trim & Weld Prep

Polar Ring (2) Form

Machine

Polar Cap (2) Form"
Machine

Access Covers (2)_ Form
Machine

Cylinder

Fwd Frame

Aft. Frame

Stiffeners

Tank A3sembly-Fuel

Tank Assembly -

Oxidizer

Fok_n

Weld

Chemmill

Trim & Weld Prep

Machine Roll Forging
Fot-m Seal Channel

Weld

Final Nachine

Machine Roll Forging

FoPm

_leIIImill.

Trim.& Weld Prep

WeldS_

Machine Roll Forging
Form Cover Plate

Weld •

Final Machine

Form

Che_nlll

T_im

Weld Domes, Cylinder &

Y Rings

Weld Domes, Cylinder

& Y Rings

Spinning Chuck
Chemmill Templates (4)

Spinning Chuck Above

Press Die

Holding Fixture

Press Die

Holding Fixture

Press Die (Polar Cap Die)

Holding Fixture

Standard Rollers

Standard Longitudinal Stake Welder

Chealmill Template
Trim Fixture

Holding Fixture, NC Tape
Standard Rollers

Weld Fixture

Hold_,_g Fixture Above

_oiding Ffxturc, NC Tape

Press Die

(_emmill Templates
Trim Fixture

Weld Fixture

_o!ding Fixture, NC Tape
Standard Rollers

Weld Fixture

Bolding Fixture Above

_andard Brake Die

(_'emmill Template

_ill & Scribe Template

Weld Fixture (includes mandrel,

l_,zk-up bars, clamps and

_tating mechanism)

Weld Fixture (includes mandrel,

_¢k-up bars, clamps and

_ating mechanism)



TABLE 8.4-1

TOOLING REQUIILEM_TS (cont)

510A-3B

Page 2

PART/ASS _LY

PROPELLANT TAhq - ALID[INUM

OPEPATIONS TOOL/GSE

O

Installation

Fixture

Installation

" Fixture

Assembly

Assembly

FORWARD SKIRT

Outer Shell

Fed Frame

Intermed Frame(2)

DOcking Probes (4)

Latches (12 & Figs.

Assembly

Assembly

AFT SKIRT

Outer Shell

Frame

Aft Frame

Install Propellant Acq-
uisition Screens Fuel

Tank

Install Propellant Acq-

uisition Screens Fuel

Tank

Handling

Transportation

Roll[form sheet

Brake form stiffeners

ChemJnill skin

Trim stiffeners

For-: members

ch em_liII

Form members

Chemmill

Machine

Machine

Assemble Skin, Stiffeners,

Frames, Dockin B Interfaces,
APS clusters

Handling & Transportatin

RollForm Sheet

Brake form stiffeners

_lemmi!! skin

Trim stiffeners

Form members

_lemm.il I

Drill/In3tallation Fixture

Drill/Installation Fixture

Slings (2) (GSE)

Dolly (2) (GSE)

Standard rollers

Standard Dies

Chemmill templates (2)

Drill & scribe templates

Press blocks (4)

Chemmi!! templates

Press block (3)

Chem_iil t_.,plates

Holding fixtures. NC Tapes

Holding fixtures, NC Tapes

Assembly fixture

(s)

Standard sling & dolly with

adapters

Standard rollers

Standard Dies

Chen_ill templates (2)

Drill & scribe templates (8)

Press blocks (3)

Chemmill templates

_orm 1_.cmb_L_ .r_e_q blocks (4)

Chemmi! 1 Chemmill tcmpl_ [es



PART/A SS_BLY

AFT SKIRT (Cont)

As semb ly

Assembly

THRUST STRUCTURE

Conical Shell

Engine Suppt. Ftg.

Gimbal Fittings

Base Heat Shield

Assembly

APS CLUSTERS

EQ__P_mNT "_.........

Sheetmetal parts

Ffttlngs

FLUIDS ASS...BL__S

Tubing

Assembly

E;bEC'_RICAL ,,A,_ (.,,oT_G

TABLE 8.4-1

TOOLING REQUIR_:ENTS (Cont)

510A-3B

OPERATIONS TOOL/GSE

Page

Assemble Skin, stiffeners,

frames, docking interfaces,

APSclusters

Handling & transportation

Assembly fixture

Standard sling & dolly

with adapters

RollForm sheet

Form stiffeners

Chemmill sheet

Machine

Machine

Rolllform_Alzak sheet

Assemble sheet, stiffeners,

fittings, & base heat shield

Standard rollers

Standard brake dies

Chemmill templates(3)

Holding fixture

Holding fixtures (2)

Standard rollers

Assembly fixture

Machine cluster parts (3)

Weld

Holding fixtures (3)

Weld fixtures (2)
;i,_1,_i,,_fixture

Forln

Drilll& trim

Chemmill _l

Machine: .

Fress blocks & standard dies

Drill & scribe templates &
router Boards

(_e_mill templates

Holding fixtures

Form

Weld.connectors

Assemble fluid lines and

purchased con_ponents such as

valves, filters, regulators

Standard bending dies & set-up

gages (SUGS)

Standard Orbital welding equipment

adapters & welding schedules

Assembly fixtures and standard

cryofit and brazing tools.

Wire cutting and prep

..t,_.- Y' (- L'

As,_eubiy

Standard cutting, stripping,
mRrkin_ tools

Hu--nezs boards



TABLE8.4-1

TOOLING REQUIREMENTS (Cont)

510A-3B

Page 4

PART/AS SE_fBLY

INSTALLATIONS

FINAL ASSEmbLY

OPERATION

InStallsubassemblies and

components

Structural Assembly
Installations

Handling

Transpoztation

Shipping

ZOOL/CSE

Installation fixtures

Final assembly fixture

Work stand

Slings (2) (GSE)

Dolly (GSE)

Container (GSE)
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8.6 COST BATA

Included in this section are the cost data for an evolved tug cou-

figuration 510A-SB-510ADE-BB. Cost data are provided for the initial

program 510A-3B and the combined total evolved program.

o Initial Program 510A-3B

O Storable Space Tug System Project Expected Cost-Spares

Cost (INT & 0PS)-First Unit Cost (Data Forms AI, 2 and 3,

subparagraph No's 8.6.1, 8.6.2 and 8.6.3) (Computer P/0)
/

O Storable Space Tug Funding Schedules-DDT & E, Production

and Operatlous (Date Form C, subparagraph 8.6.4, 8.6.5,

8.6.6 and 8.6.7)

o Form B (Technical Characteristics subparagraph 8.6.11)

o Combined Evolved Pro_am .5IOA-3Bl=_nanw-_-,_v.._ __

o Same as initial program plus :

o Average Cost/Flight (subparagraph 8.6.9)

@



EVOLVED TUG

CONG_EPT 51OA-3B (INITIAL)

OPTION 3
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EVOLVED TUG

CONCEPT 510A-3B/51OADE-3B (COMBINED)

OPTION 3
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N

Launch Operations

Launch Site Serv & Supt

RUg Shuttle Mate & C/O

Prelaunc h C/O

Countdown

Propel]ants & Gasses

Post Flight Safing

Maintenance & Refurb

8ched Mant & Refurb

Unsched Maint & Refurb

Vehicle Opnl Spares (less Me)

M. Ens, Malnt & Refurb

M. E. 0pnl Spares"
Post Maint C/O

Tug/Payload Mate & C/O

Refurb Reqmt Planning

Depot Maint

_,_+_ cr,,,,f,_ ..no t "r.....hlM_'In'_/R_fb ")
U[ _ .

F].l- 4- -•en_ uveratioas

Mission Planning

Flight Control

Fli_t Evaluation

Flight Supt Software

Operations Support

FS_ Malnt

Sustaining Eng

Prog Mgh

Trannport & Hdlg

Invent_'y Control & Whseing

Faellltle@ Maint

Expend Veh Avg. Unit Cost

Total Cost/Flight

' 510A.3B/5106_E.3B
AVERAGE COST/FLIGI_ ( S THOUSANDS )

_o_ z MOD_ II

NASA DODNASA D0D

106.71 i06.71

7.46 7.46
14.39 14.39

.46 .46

59.0 59.0
25.4 25.4

612.41 612. _.l

27.49 27.49
28.83 _8.83

325.85 325.85
80 80
34.4T
9.44 9.44
15.o8 15._
1.73 1.73

89.52 _ 89.52

71c !_l 71o.i21

143.84 131.14
19.14 16.4._

126._S i_1.35

63.91 63.9]

1.7c _.TC
3o.93 3o._
15._ 15._
3.26 3.26

Io.3_ lO.3_

i_ _.15 2.15

nsB llT 

8_

9188

I NASA DOD

i

1250
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8.7 FLIGHT SCHEDULE

Included in support of our flight schedule definition

for concept 510A-3B/51OADE-3B are the following tasks:

o Fleet size and Vehicle Usage

o Kick Stage Usage

o Flight Element Requirements

o Kick Stage Definition

o Payload Flown

o 510A-3B/510ADE-3B Flight Operations Buildup

o Programmatic Data Suummry Storable Tug Concept
510A- 3A/510ADE- 3A

m-- i
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8. (_ IR.i._k Assessment

I. makin_ an assessment of the risk n.ssoc_iated with each eo.Ci_,_raI:io. ].

eae.h capabi].Jty option we have considered %he i,.lrpe of tee.hno]o_y it_,,,r, "_zno._:in.Lod
vi th es.eh vehicle and the imp_.t that it wo_id have on the program it t,_r one

reason or another, the it_n would be unavailab]e and an alternaf,.ive s(,]_Jtion wo,,l_'I

be reqllired. The impact is defined, usually, in terms of added weighI,, lost per-

formanee and total progr_n cost increase; in some cases the imp_c.% can be decreased

weight or reduced cost.

It is assumed that all of the weight increases and all of the cost :}ncrea_=r

will occur sim_11taneously without benefit of any offsetting decreases :in p}tbpr

weig}rt or coat. For exsmple in configuration IIOA-I we have assiJmed that i:.he_;I lb.

weight impact of abandoning spun a]_mimml tanks in favor of welded a]uminl,m i.anks

is combined with a $i0.0 million cost increase as a result of abandoning, a],mlin_,m

tanks in favor of titsmium tanks due to materials compatibility or fre,et1_ro sectaries

issues.

Taking the slm_nation of all the weight increases, these are converted I.o costs

by 11sing the S75K/ib.figure derived where we were first selecting subsysI:_n nptions

for in(:orporation with IlOA-I. The $75K/Ib. number represents the last _I;ep

(actually the slope of the line) in our s_absystems synthesis process which provid_,q

a curve of zk weight versus _ total progr_n costs as we added lighter and more

cost].y subsystems options to achieve a bebicle with 3500 ]b. deploy eapabil_ Ly. Tn
this manner we arrived at a estimate of the costs expected if we had to recover tbp

weight grow_,h.

In similez fashion we then summed all of the potential cost increase._, _;Inor_ng

any offsetting cost decreases, and added these to the dollars representin_ the weight

increases. The IIOA-I has no projected performance loss since _it uses the O_@'.7.5K

enCine ; the as s___mrptlon is that the bas_ic OME will have been developed I,o mpol. its

we:i¢{ht, performance and re]]sabilif, y goals for the Sh_]ttle Orbitpr, in th_ ,,n,c_eof

confi_ral;_ons which use the Class 7 engine, for e_npie 4iOAD-_, we hn,ve _,s:_m_'-._l

that a 3 second Isp performance loss is possible. To convert this perCorma,_,'e ]o'_.q

_o ._nstS we _,ae the p86_lo_d sensitivity fa_,tor to loss in isp (97 lbs/ser'), rl_v_de

_ _ "_" the payl o_rl - -"_"- _"
convert it to costs.

T_king all of the costs and addi_ them together we get a tots] flow cost risk

value 0f $15.3M for IIOA-I which ranges to a hRgh val_]e of 94. 3M for 32OA-3A/

320AE-3A.
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Section 8.10 Supporting Research and Technology

This section includes a s_mmary matrix chart which identifies all of the

SR & T items and where they are applied to each configuration in each capability

option.

Following the summary matrix there are individual tables for each configura-

tion which summarize the technology items for that particular configuration and

give a very brief synopsis of the type of SR & T program proposed and the estimated

funding and schedule requirements. The text following each table is the facing

page text prepared for the main presentation.

Following the tables for each configuration, an additional form is filled out

for each technology item providing status information, justification for the pro-

posed SR & T program, objectives, technical approach, and a more detailed schedule

showing when the proposed program must _e completed in order to support the parti-

cular configuration.

In dealing with the subject of SR & T we have identified two distinct groups -

one where technology is needed and the other where there is no doubt that the

technology is available and it is a straightforward engineering task to accumulate

data that will preclude making a "false start" where several alternates are under

study; we have called the latter group "desired data".

The storable Tug will benefit from the fact that the APOLLO LM program has

used similar materials, propellants, equipments and procedures; the Shuttle

Orbiter will expand on this dats base for the Tug. The low number of identified

SR & T items and the modestsums projected are based on the assumption that several

existing or planned efforts related to the Shuttle will conL±nue to provide data.

These include the planned propellant and materials compatibility testing in support

of the Shuttle Orbital _neuvering Subsystem_ its engines, tanks and components

both at NASA/WSTF and _t the Shuttle contractor's facilities. In addition, we have

identified the Air Force funded efforts to develop the advanced Micron i_" for

aircraft programs,as an effort which we would build-on rather than to start from
scratch.

We have not attempted to detail the SR & T programs required on the Class I

engine (with or without the two position nozzle) except to point out the uncer-

tainty associated with the anticipated engine life and the predicted performance

of very high expansion ratios within the mixture ratio of interest. The engine

contractor will provide the proposed SR & T efforts required on the engine

and we will provide comments on same at NASA's request.

The overall "message" which we hope will become obvious to the reader is

that there are no real "show-stoppers" among the SR & T items identified.
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8.11 SPECIAL COST SENSITIVITIES

REFERENCE:

Due to the size and development of the Special

Cost Sensitivities Analysis reference is made herein

to Part I, concept IIOA-I, paragraph 8.11 of Volume

8.
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WBS EI_%T

320-01 ProJ. Management

320-02 Syst Eng & Integ

320-03-01 Structure

320-03-02 Thermal Insul

320-03-03 Avionics

320-03-04 Propulsion

320-03-05 Orbiter Inter'
face

320-03-06 Drop Tanks

320-03-07 Final Assy &

c/o
320-04-01 Stnlcture

320-0J_-02 Thermal Insul

320-0h-03 Avionics

320-04-04 Propulsion

320-04-05 Interstage

Interface

320-0h-O6 Drop Tanks

320-oh-o7 RDM

320-04-08 AKS

320-0;_-09 DKS

320-04-iO Cache Tank

320-01_-II Final Assy &

c/o

320-05 Logistics

320-06 Facilities

320-07 C.SE

320-08 VehlcleTast

320-09 Launch 0ps _R

320-10 Launch Ops ETR

ESTIMATING TEC}_IIQUE APPLIED

DU2&E PRODUCTION

Same as DIIr&E

Same as 320-01

Same as DUf&E

Same as 320-03

-01

CER's Based on IM Experience

Same as 320-01

CER's Lower Level Analysis

Same as 320-03-01

Vendor Est/ManpQwer/Wrap-
around

Gov't Est/Vendor Est/Wrap-

around

CER's Vendo_ Est/Wraparound

N/A

Same as 320-01

Same as 320-03-01

Same as 320-03-0"2.

8_ as 320-03-03

Same as 320-03-04

Same as 320-03-01

Oov't est, _'s Vendor

Est, wraparound

Same as 320-04-07

Same as 320-O_-O7

_/A
Same as 320-03-07

CERts

CER's

CER's _and End_i_m analysis

CER's ,Manpower Loading

N/A

_/A

Same as DI_f&_

Same as DDT&E

Same as DIIf&E

N/A

Same as 320-01

Same as 320-03

-01

Same as 320-03
-02

Same as 320-03

-03

Same as 320-03

-o4

Same as 320-O3
-01

.IA

Ssale as DUf&E

Same as 320-04

-o7

Same as 320-04

-07

N/A

Same as 320-03

-07

S_ne as D_8_

Same as DDT&E

Same as DDT&E

N/A

_/A

OFN

Same as DI_f&E

Same as 320-01

N/^

N/A

Same as DDT&E

N/A

_/A

NIA

NIA

NIA

NI^

Same as 320-03-0h

N/A
N/A

Same as D]Tf&E

Same as 320-04-07

Same as 320-O1_-07

N/A

N/A
Same 3a DU_?,;E

S_le as DU_?..E

Same as DDT&E

N/A

Manpower Load_ ng

Manpower LoadJ ng
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320-11 FI% Ops DOD

320-]2 FIt Ops NASA

320-13 Ref & Int, ist TR

320-I_ Ref & In%, 2nd TR

DIE&E

CER's & Manpower Loading

Same as 320-11

PRODUCTION

./A
./A
./A

OFN

Same as DET.&,F,

Same as DFff&F,

Manpower Loa_.in_

Manpower I_oading



COST --A (mSE)B

PR_ECT M_4T.

SE&E

STRUCTURE

SPUN AL. TANKS

TI TANKS

BODY SHELL

THRUST STRUCTURE

METEOROID SHIELD

PAYLOAD INTERFACE

PROI_JLSION

ACPS THRUSTERS

ACPS SUPPORT

EPS WIRING

ORBITER I_WERFACE.
STRUCTURE

FINAL ASSY & C/O
----- • : t" _

PROGRAM

BASIS

IM

5M

IM

I,M

I,M

LM

IM

BASE

VEH COST

LESS ENG.

VEH COST

LESS ENG.

WEIGHT

VENDOR
COST

VENDOR
COST

WEIC_{T)

.WE_.IG_

VEHCOST

A
DDT&_ _ PROD I

. . , , ,

.i .O9

•13 .O8

12h ]-5

lhO 24.3

25 2.8

5.5 o.h

5.5 .h7

37.2 3.h

2 1.66

2.1, 1.84

39,7 7

5-5 ,h
|

•5h .18

B
DDT&,E

I i

i I

•71 .61

•71 .61

•71 .61

1 1

1 1

1 1

•7 .7

•7 .7

1
|

1 1

B
PROD

1




